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Abstract 
The Nymagee and Hera deposits in western New South Wales are located on the eastern margin of the 
Cobar Basin. The Cobar Basin is host to several sediment-hosted polymetallic precious and base-metal 
orebodies, and forms part of the highly metallogenic Lachlan Orogen. Unlike the well described 
mineralisation around the Cobar region, the Nymagee and Hera deposits are less well known. The 
documentation of the geological nature, as well as a description of the ore associations, the temperature 
of formation, and the source of mineralising fluids, will help constrain the physical and chemical 
conditions at the time of mineralisation, as well as provide the processes responsible for ore formation. 
The two deposits occur in a strongly altered and deformed sequence of shelf and turbiditic sedimentary 
rocks and are host to two different styles of mineralisation. The Nymagee deposit being Cu-rich and the 
Hera deposit, located ~5km southeast of the Nymagee deposit being Pb-, Zn- and Au-rich. This metal 
zonation between the two deposits is thought to be related to temperature gradients of the mineralising 
hydrothermal fluids that were focussed along the shear zone that connects the two deposits. 
Petrographic and mineralogical analyses using XRD and HyLogger reveal that the quartz-rich turbidites 
have been metamorphosed to upper greenschist to lower amphibolite faces as evident by the common 
occurrence of metamorphic muscovite, biotite, chlorite and amphibole that define a strong foliation. 
Liquidrich fluid inclusions were found hosted in massive quartz from the Nymagee deposit and contained 
low salinities. The vapour phases contained major methane and minor nitrogen. Fluid inclusion analysis 
resulted in a minimum formation temperature of 240ºC, which agrees with the presence of cubanite 
found in chalcopyrite at the Nymagee deposit and chlorite geothermometry. However sulfur isotope 
geothermometry and the presence of amphiboles in the samples indicate much higher temperatures of 
around 400 to 800ºC. The accuracy of these temperatures is questioned. Sulfur isotopes indicate that the 
Nymagee deposit has sulfur sourced from reduced seawater sulfate from the host metasedimentary 
sequences of the Cobar Basin. The Hera deposit has sulfur values that are lighter than the Nymagee 
deposit and indicates a similar sulfur source from to that of Nymagee but with the possible addition of 
magmatic sulfur. Lead isotopes results suggest that the two deposits have a crustal source that was 
derived from a Silurian to Early Devonian lead reservoir. The lead isotope signatures for the two deposits 
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The Nymagee and Hera deposits in western New South Wales are located on the eastern 
margin of the Cobar Basin. The Cobar Basin is host to several sediment-hosted polymetallic 
precious and base-metal orebodies, and forms part of the highly metallogenic Lachlan 
Orogen. Unlike the well described mineralisation around the Cobar region, the Nymagee and 
Hera deposits are less well known. The documentation of the geological nature, as well as a 
description of the ore associations, the temperature of formation, and the source of 
mineralising fluids, will help constrain the physical and chemical conditions at the time of 
mineralisation, as well as provide the processes responsible for ore formation. The two 
deposits occur in a strongly altered and deformed sequence of shelf and turbiditic 
sedimentary rocks and are host to two different styles of mineralisation. The Nymagee 
deposit being Cu-rich and the Hera deposit, located ~5km southeast of the Nymagee deposit 
being Pb-, Zn- and Au-rich. This metal zonation between the two deposits is thought to be 
related to temperature gradients of the mineralising hydrothermal fluids that were focussed 
along the shear zone that connects the two deposits. Petrographic and mineralogical analyses 
using XRD and HyLogger reveal that the quartz-rich turbidites have been metamorphosed to 
upper greenschist to lower amphibolite faces as evident by the common occurrence of 
metamorphic muscovite, biotite, chlorite and amphibole that define a strong foliation. Liquid- 
rich fluid inclusions were found hosted in massive quartz from the Nymagee deposit and 
contained low salinities. The vapour phases contained major methane and minor nitrogen. 
Fluid inclusion analysis resulted in a minimum formation temperature of 240ºC, which agrees 
with the presence of cubanite found in chalcopyrite at the Nymagee deposit and chlorite 
geothermometry. However sulfur isotope geothermometry and the presence of amphiboles in 
the samples indicate much higher temperatures of around 400 to 800ºC. The accuracy of 
these temperatures is questioned. Sulfur isotopes indicate that the Nymagee deposit has sulfur 
sourced from reduced seawater sulfate from the host metasedimentary sequences of the Cobar 
Basin. The Hera deposit has sulfur values that are lighter than the Nymagee deposit and 
indicates a similar sulfur source from to that of Nymagee but with the possible addition of 
magmatic sulfur. Lead isotopes results suggest that the two deposits have a crustal source that 
was derived from a Silurian to Early Devonian lead reservoir. The lead isotope signatures for 
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This study documents the geology of  two base-metal deposits on the eastern side of the 
Cobar Basin, within the Palaeozoic Lachlan Orogen of western New South Wales (Hough et 
al. 2007) (Figure 1). The first is the Nymagee deposit which is Cu rich and was mined as the 
Nymagee Copper Mine between the years of 1881-1917. The second is the Hera deposit 
which is Au-Pb-Zn rich and was discovered in 2001. The Hera deposit is located ~5km 
southeast of Nymagee. 
 
The Nymagee and Hera deposits are located around 96 km southeast of Cobar, but unlike the 
well described base-metal mineralisation at and around Cobar, the Nymagee and Hera 
deposits are less well known. 
 
1.2. Aims  
The overarching aim of this study is to document the geological nature and origin of the 
Nymagee and Hera deposits.  
 
To fulfil this aim the project is split into a series of smaller, manageable objectives, which are 
to: 
1. Describe the mineralisation and alteration of the Nymagee and Hera Deposits: using 
standard reflected and transmitted petrography, XRD, XRF, electron microprobe 
analysis and HyLogger spectral data. 
2. Determine the formation temperature of the two deposits: using geothermometry 
techniques including chlorite geothermometry and fluid inclusion analysis. 
3. Characterise the composition and temperature of the ore forming fluids: using fluid 
inclusions and laser Raman analysis. 
4. Determine the source of the mineralisation: using sulfur and lead isotopes 
5. Verify any geochemical correlation and relationships between metals for the two 




The outcome of this project will be to produce a more complete description of the Nymagee 
and Hera deposits, as well as constraining the temperature of formation and the source of 
mineralising fluids at the two deposits. Such an understanding is significant as it will provide 
knowledge as to the processes responsible for ore formation within ―Cobar-style‖ base metal 






Figure 1: Location diagram showing the Nymagee and Hera Deposits in relation to the Cobar Basin and other major deposits within the Lachlan 




1.3. Location and Environment 
The Cobar Basin is an intra-continental basin that opened in response to widespread back-arc 
extension of the Lachlan Orogen. This extension event was apparent with the emplacement of 
late Silurian granitoids, followed by basin initiation and sedimentation from the latest 
Silurian to the end of the Devonian (Glen 1996). 
 
The Cobar Basin is elongate and north-northwest trending (Pwa et al. 1999). It is around 150 
km long and 50 km across, filled predominantly with siliciclastic turbidites of the Cobar 
Supergroup (Lawrie and Hinman 1998). It contains a two stage fill, with the lower unit 
characterised by coarser grained clastics and thicker bedded sedimentary rocks than the upper 
unit (Stegman 2001). The lower unit is the Nurri Group and is a fining upward sequence, 
which is comprised of sandstone and conglomerate of the Chesney Formation. This passes up 
into more extensive fine grained mudstone and siltstone of the Great Cobar Slate. The upper 
unit is the Amphitheatre Group and is comprised of extensive low energy turbidites. This 
consists of an upward coarsening cycle for the lower Amphitheatre Group and CSA Siltstone, 
followed by an abrupt change to fine grained, thinner bedded sedimentary successions of the 
upper Amphitheatre Group (Stegman 2001). The Amphitheatre Group occupies most of the 
Cobar Basin (Stegman 2001). 
 
The Cobar district contains several sediment-hosted polymetallic precious and base- metal 
orebodies (Lawrie and Hinman 1998; YTC 2010). The bulk of the mineralisation is localised 
along the highly deformed eastern margin of the Cobar Basin (Stegman 2001). 
 
The Nymagee and Hera deposits are located on the eastern margin of the Cobar Basin, on the 
western side of the highly metallogenic Lachlan Orogen (Hough et al. 2007). They lie 1 -2 
km west of the regional Rookery Fault (Cooper 2010). 
 
The area is covered by a thin veneer of Quaternary sediments and is mainly underlain by 
rocks of the Cobar Supergroup, particularly the Mouramba Group and parts of the 






The two deposits are covered by the Nymagee 1:250 000 metallogenic (Suppel and Gilligan 
1993) and Nymagee 1:100 000 geological (MacRae 1987) sheets.  
 
Nymagee lies at an elevation of about 250m above sea level, with most of the area being flat 
to gently undulating (Figure 2). 
 
 





The Hera Deposit has been defined as a polymetallic structurally controlled deposit occurring 
in a strongly altered and deformed sequence of shelf and turbiditic sedimentary rocks (Collins 
et al. 2006). The mineralisation is hosted by siltstone and fine-grained sandstone with a 
strong, nearly vertical cleavage that has undergone low- to middle-greenschist facies 
metamorphism (MacRae 1987). Host sandstone and siltstone are pervasively silicified and 
have varying degrees of green chlorite alteration (Skirka and David 2003).  
 
1.4. Mining and Exploration History  
Significant deposits around the Cobar district include: The Cobar Goldfield, Endeavour 
(formally known as Elura), CSA, McKinnons Tank, Chesney, New Cobar, New Occidental, 
Great Cobar and Wonawinta. 
 
In the past the Nymagee deposit has been mined by both underground and open cut methods 
(Figure 3). (Suppel and Gilligan 1993). Historic production at the Nymagee Copper Mine 
produced 422000t @ 5.8% Cu between 1881 and 1917 (Cooper 2010). The main operators 
and periods of production (from Suppel and Gillian 1993) are: 
 
 Nymagee Copper Co. Ltd: 1881-1892 and 1894 
 Tributor: 1895  
 The Great Cobar Copper Mining Syndicate 1896-1906  
 Nymagee Copper Ltd: 1907  












Figure 3: Photos of the old Nymagee Copper Mine. A) One of the open cut pits, in the form 
of a glory ―hole‖, showing the open cut method of mining. The entry point to access the 








Since the close of the Nymagee Copper Mine in 1917 there have been several periods of 
further exploration. The operators, periods of exploration and exploration processes 
undertaken (from Suppel and Gillian 1993) are: 
 
 Bureau of Mineral Resources (for North Broken Hill Ltd) 1947: magnetics, IP 
 Nymagee Mines Pty. Ltd/VAM 1959-1964: trial leaching  
 Ausminda Pty. Ltd. 1964-1967: mapping, geochemistry, IP, sampling, rotary and 
diamond drilling  
 Cyprus Mines Corp/ Grace Ore & Mining Co/ Buka Minerals N.L. 1969-1974: 
surface and underground mapping, sampling, drilling and resource estimation. 




Figure 4: Nymagee Copper Mine long section looking west. This shows the old mining 







Exploration carried out during the period 1970-1990 outlined multiple anomalous areas with 
some ore grade intersections and a small resource at the Nymagee Copper Mine. A detailed 
review of previous exploration work accompanied by new soil geochemistry, IP and down 
hole EM led to the discovery of the Hera Deposit in 2001 by Pasminco. In 2003 the Hera 
Deposit was acquired by Triako Resources with the start of a major exploration program and 
feasibility study with a focus on the gold potential of the project. In late 2006 Triako 
Resources was acquired by CBH Resources who focussed on the Hera Deposit as a base 
metal resource to match their existing operations. In late 2009 YTC Resources Limited 
purchased the Hera Deposit and surrounding tenements from CBH Resources and has 
commenced a definitive feasibility study with gold being the main commodity being sought 
(Cooper 2010). 
 
Currently exploration with diamond and reverse circulation drilling is being undertaken at 
both the Nymagee and Hera Deposits by YTC Resources Limited. High grade copper 
mineralisation has been identified beneath the historic Nymagee Mine and high grade gold-
base metal mineralisation has been found defining the Hera deposit. Drilling to the north and 
south of Hera also shows extensions beyond existing resource (YTC Resources Limited, 
AGM Presentation November 2010). 
 
1.5. The Present Study 
This study is based on a literature review of previous work in the Cobar- Nymagee district 
and new research on samples collected from the Nymagee and Hera deposits. 
 
Samples were collected during a vacation work program during January and February 2011. 
201 samples were selected to represent ore, disseminated ore, epigenetic quartz veining in 
association with ore, alteration and host rock assemblages. Most of the samples were of 
diamond drill core and came from five different Nymagee holes and four different Hera holes 
seen in Table 1. Samples were selected from the photo records from the company, or selected 
as the holes were processed. The selected samples were then cut into quarter or eighth core so 





Field sampling was also undertaken at the Nymagee Copper Mine with hand specimens of 
gossans and other anomalous rocks collected. 
 
Hole ID Deposit MGA Easting MGA Northing 
NMD013 W2 Nymagee 434972.758 6452243.476 
NMD015 W1 Nymagee 434993.239 6452187.343 
NMD015 W2 Nymagee 434993.239 6452187.343 
NMD019 Nymagee 434994.207 6452187.335 
NMD021 Nymagee 434971.984 6452244.375 
HRD026 Hera 436791.638 6446915.978 
HRD032 Hera 436000.413 6447307.435 
HRD032 W1 Hera 436000.413 6447307.435 
HRD033 W1 Hera 435969.262 6447358.150 
TNY005W2-6 Hera 436521.120 6447411.129 












2.1. The Lachlan Orogen 
The Nymagee and Hera deposits are located within the Cobar Basin, a component of the 
western section of the Lachlan Orogen (Stegman 2001) (Figure 1) which is also referred to as 
the Lachlan Fold Belt (Gray and Foster 1997). The Lachlan Orogen is one of five Palaeozoic 
orogenic belts that together form the greater Tasmanides of eastern Australia. It is comprised 
of three differing thrust systems: the western, central and eastern Lachlan Orogen (Hough et 
al. 2007).  
 
The Lachlan Orogen represents part of a >1000 km wide orogenic system that developed 
along the Pacific margin of Gondwana during the Palaeozoic time (Downes 2004). It is a 
highly metallogenic province that is host to a large number of mineral deposits (Hough et al. 
2007), and more than 20 different commodities (Bierlein and Wilde 2007). The Lachlan 
Orogen still constitutes one of the major sources of gold and copper in Australia (Bierlein and 
Wilde 2007). The distribution of different deposit types relates to formation within a specific 
tectonic framework (Hough et al. 2007).  
 
The deformation history of the Lachlan Orogen is commented on in terms of episodic 
orogenic cycles and includes: Tyennan (510-490 Ma), Benambran (490-440 Ma), Bindian 
(418-410 Ma) and Kanimblan (380-320 Ma). The time periods associated with each event 
differs for different sections of the Lachlan Orogen (Hough et al. 2007). 
 
The mid-Silurian to mid-Devonian history of the Lachlan Orogen was characterised by 
widespread extension which lead to the formation of deep and shallow-water clastic and 
mixed clastic/ volcanic sedimentary basins. These basins were associated with granite 
emplacement and Silurian deformation of Ordovician to Early Silurian turbiditic sediments. 






Figure 5: Localised location of the Lachlan Orogen (Modified from Mineral Resource 
Projects New South Wales, 2009, 1:1 500,000 Map). 
 
Although the Lachlan Orogen extends further south than New South Wales, the map for 
Figure 5 covers a localised section of the Lachlan Orogen.  
 
2.2. The Cobar Superbasin 
The Cobar Super Basin System is a regional, complex tectono-stratigraphic terrane that is 
located within the central sub-province of the Lachlan Orogen. It is marked by Late Silurian 
to Early Devonian sedimentation of the Cobar Supergroup (Vladimir 2006). The Cobar 
Superbasin System developed in the process of four deep-water troughs surrounded by 









2.3. The Cobar Basin 
The Cobar Basin is Early Devonian in age and north-northwest trending (Pwa et al. 1999). 
The Cobar Basin hosts the Nymagee and Hera deposits and is located within the northern 
section of the highly metallogenic Lachlan Orogen (Figure 1), in central New South Wales 
(Stegman 2001; Hough et al. 2007). It is host to significant structurally controlled bodies of 
mineralisation containing variable portions of Cu, Pb, Zn and Au (Alipour et al. 1997).  
 
2.3.1. Stratigraphy 
The Cobar Basin contains a two stage fill, with the lower part characterised by coarser 
grained and thick-bedded sedimentary rocks than the upper part (Stegman 2001). The upper 
part, the Amphitheatre Group, is of interest for this project and comprises extensive low 
energy turbidites and consists of an upward coarsening cycle for the lower Amphitheatre 
Group, followed by an abrupt change to fine-grained and thin-bedded sedimentary 
successions for the upper Amphitheatre Group (Stegman 2001). The Amphitheatre Group 
occupies most of the Cobar Basin (Stegman 2001), and hosts the CSA and Elura orebodies 
(Perkins et al. 1994) as well as the Hera and Nymagee deposits studied here. 
 
The stratigraphy for the Cobar Supergroup and equivalents, is portrayed by the time space 





Figure 7: Time space diagram from the Nymagee 1: 100 000 map (MacRae 1987). Individual units described below. 
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Stratigraphy has been commented on based on the two Nymagee Map sheets of MacRae 
(1987) and Suppel and Gilligan (1993). 
 
Girilambone Group 
The unit consists of rhythmically bedded, poorly sorted, fine to coarse grained quartzose 
sandstone. In the Nymagee area it is comprised of quartzose to feldspathic sandstones and 
siltstones as well as quartz shists and phyllites. Elsewhere in the Cobar region chert and basic 
volcanics and intrusives also occur (MacRae 1987). The Girilambone Group is a Cambrian – 
Late Ordovician aged sequence.  Metamorphism in the Girilambone Group ranges in grade 
from the lower to upper greenschist facies, but locally reaches the amphibolite facies adjacent 
to the Nymagee Igneous Complex and Erimeran Granite (MacRae 1987).  
 
Tallebung Group 
The Tallebung Group is indicated as being latest Early Ordovician to Late Ordovician in age. 
The lithology of the group includes quartzites, carbonaceous siltstones, siltstones and 




Two major granitoid bodies intrude the Girilambone Group within the Nymagee area. The 
Nymagee Igneous Complex, which occurs to the north and northeast of Nymagee and 
consists of two distinct phases, one being a foliated phase of latest Ordovician to earliest 
Silurian age, and the second being a massive phase of Middle to Late Silurian age (MacRae 
1987). The Erimeran Granite is Middle to Late Silurian in age and forms an extensive 
batholith on the Nymagee 1-100000 sheet. The main phase is porphyritic coarse-grained 










The Cobar Supergroup is an Early Devonian sedimentary and volcanic sequence deposited in 
the Cobar region. Sedimentation varied from shallow-water shelf deposition, such as the 
Kopyje and Mouramba Shelves, to deeper water turbidite deposition, such as the 
Amphitheatre and Mount Hope Groups. The Cobar Supergroup overlies basement rocks with 
a regional unconformity/nonconformity (MacRae 1987).  
 
Kopyje Group 
The Kopyje Group was deposited on a shallow water shelf east of Cobar, and also on an 
unstable shelf north of Cobar which deepened southward into the Cobar Basin. It consists of 
sandstones and mudstone with local conglomerate (Glen 1994). Near Nymagee the Kopyje 
Group interfingers with the Mouramba Group (Suppel and Gilligan 1993).  
 
Mouramba Group 
The Mouramba Group is located extensively around the Nymagee area. Deposition of this 
group was on the Mouramba Shelf. The Mouramba Group is divided into the Burthong 
Formation and overlying Roset Sandstone (MacRae 1987). 
 
Burthong Formation 
The Burthong Formation consists of a sequence of very fine to medium grained sandstone to 
interbedded sandstone and siltstone (MacRae 1987). Several volcanic horizons in the form of  




The Roset Sandstone overlies and partially interfingers the Burthong Formation. It is mainly 
comprised of  lithic –quartz to quartz-rich sandstone with a thin pebble conglomerate horizon 







The Ampitheatre Group conformably overlies the upper parts of the Roset Sandstone and 
Burthong Formation. It shows evidence of deltaic and shallow marine deposition, that was 
deposited in the Cobar Basin. The sequence is predominately turbidic in character. The 
Amphitheatre Group is divided into the Lower and Upper Amphitheatre Group and the 
Shume Formation (MacRae 1987). The Amphitheatre Group rocks locally appear to be 
steeply dipping and consist of thinly interbedded siltstones and sandstones (Alipour et al. 
1997).  
 
Lower Amphitheatre Group 
The Lower Amphitheatre Group is a folded sequence and comprises laminated and massive 
siltstones with some interlaminated massive sandstones. The two can be interbedded together 
and be of a turbiditic character. The sandstones are generally fine to medium grained and 
around 10- 30 cm thick. Bouma sequences can be observed throughout the sequence.    
(MacRae 1987). The Lower Amphitheatre Group poorly outcrops (Glen 1982) and is 
Lochkovian in age (MacRae 1987). 
 
Shume Formation 
The Shume Formation comprises interbedded sandstones and siltstones, with minor 
porphyritic volcanics (MacRae 1987). Sedimentary structures in the Shume Formation 
generally have massive bedding and parallel lamination with current lineations (Suppel and 
Gilligan 1993). The Shume Formation conformably overlies the Lower Amphitheatre Group 





Figure 8: Model for the Shume Formation turbidite fan system. Modified from MacRae 
(1987). 
 
Upper Amphitheatre Group 
The Upper Amphitheatre Group is characterised by thin to medium bedded sequence of 
sandstone, siltstone and mudstone (Glen 1982). The sandstones are generally fine to very fine 
grained and often have an obvious silt component (MacRae 1987). The Upper Amphitheatre 
Group was deposited as a turbidite sequence in the Mount Hope Trough. It ranges in age 
from mid Lochkovian to mid Pragian (MacRae 1987). 
 
2.3.2. Structure 
Regional crustal extension of the Lachlan Orogen in the latest Silurian is thought to have 
created a series of north-south trending basins, one of these being the Cobar Basin in the 
north. The Cobar Basin was one of several back-arc, intra-cratonic, deep-water (below fair-




extension event, in the western part of the Lachlan Fold Belt (Glen 1990). The Cobar Basin 
formed the eastern part of the larger Darling Basin. 
 
The copper and gold deposits around Cobar occur in three groups which reflect three 
different lithological-structural settings (Glen 1987). Group 1 deposits lie on, or immediately 
west of, faulted contacts between the Chesney Formation and the Great Cobar Slate. The 
Group 2 deposits occur along faults within the Great Cobar Slate, and Group 3 deposits occur 
in the C.S.A. Siltstone, found mainly at the C.S.A. mine (Glen 1987). All three groups are 
structurally controlled with structural control also for the ore lenses within the deposits. The 
three groups contain two sub groupings of mineralisation, one being a vein-style copper and 
gold rich style, and the other being a massive to disseminated sphalerite and galena rich with 
lesser pyrite and chalcopyrite style (Glen 1987). 
 
Another two similar contrasting structural styles can be commented on the Cobar Basin. The 
first structural zone lies along the eastern margin of the basin and contains deposits such as 
the Chesney Formation, Great Cobar Slate and the CSA Siltstone deposits (Glen 1982). 
These deposits are characterised by high strain, tight folding and a well-developed 
mesoscopic slaty cleavage. The strongly cleaved fine grained metasedimentary rocks have 




Ar and K-Ar dating, which 
indicates a mid to late Early Devonian age for cleavage formation (Perkins et al. 1994). The 
second structural zone, to the west, is characterised by low strain, more open folding and a 
lack of a mesoscopic cleavage (Perkins et al. 1994).  
 
Significant folding and faulting episodes within the Cobar Basin provide major controls on 
mineralisation within specific stratigraphic units (Pwa et al. 1999). The major deposits of the 
Cobar area lie on major faults. This is because it is only on these structures that there would 
be enough fluid flow during deformation for the transport of economical amounts of metals 
(Glen 1988). 
 
2.3.3. Tectonic History (Deformation) 
The exact timing of deformation in the Cobar area is still questioned. The Cobar Supergroup 
rocks have long been considered to have undergone a major deformation during the Middle 




major deformation of the Cobar Supergroup and the overlying Mulga Downs Group occurred 




Ar dates on materials 
from the CSA mine, it has been suggested that rocks in the high strain, eastern portion of the 
Cobar Trough were deformed during Early Devonian time and that regional deformation 
occurred as an early Carboniferous event (Seccombe 1990). 
 
2.3.4. Igneous Activity  
The intrusive igneous rocks in the Cobar Basin are mostly granites and predate the Cobar 
Supergroup consisting of the Nurri and Amphitheatre Group. These granites have yielded 
ages of 418-440 Ma, and it is considered that Cobar deposits show no apparent association 
with igneous rock types (Stegman 2001). 
 
2.3.5. Mineralisation 
The Cobar Basin metallogenic province is defined by sediment-hosted Cu-Au and Pb-Zn 
deposits (Hough et al. 2007). Cobar deposits range from gold-rich types with minor 
association with base metal mineralisation, to base metal dominated types with some precious 
metal credits (Stegman 2001). The bulk of mineralisation is localised along a highly 
deformed eastern margin of the basin (Stegman 2001), with mineralisation hosted by folded 
and cleaved Early Devonian turbidites with strong structural control (Perkins et al. 1994). Ore 
lenses are aligned parallel or nearly parallel to cleavage and oblique to bedding (Perkins et al. 
1994). The majority of gold deposits in the Cobar Basin have gold mineralisation intimately 
associated with magnetite and/or pyrrhotite and with significant base metal mineralisation 
(Stegman 2001) 
The orebodies of the Cobar area are weakly zoned, with chalcopyrite-pyrrhotite along the 
stratigraphic base and a top rich in sphalerite-galena-pyrite (Robertson 1974). The younger 
deposits are galena-sphalerite rich, the older chalcopyrite-gold rich (Robertson 1974). The 
orebodies form steeply north pitching, discordant lenticular zones of deep vertical extent 
dipping steeply east (Robertson 1974). The enclosing rocks are sheared, steeply west dipping 
siltstones, shales and greywackes of Silurian-Devonian Cobar Group, that are regionally 
metamorphosed to the greenschist facies (Robertson 1974). The ore types vary from massive 





pyrrhotite-chalcopyrite-gold and disseminations of pyrite, pyrrhotite and sphalerite 
(Robertson 1974). Most mineralisation of this type is localised along faults near or at basin 
margins and shows cross-cutting relationships with stratigraphy and evidence of 
remobilisation (Bierlein et al. 2002). Alteration style is dominated by pervasive silicification 
and chloritisation, with variable degrees sericite, carbonate and Fe-oxide alteration (Bierlein 
et al. 2002). 
 
Within the Cobar Basin there is a regional trend in mineralisation style from Pb-Zn-Ag in the 
north, which includes the Elura Mine, to Cu-Au in the south which includes the Great Cobar, 
New Cobar, Chesney, New Occidental, Peak, Coronation-Queen Bee mines (Perkins et al. 
1994). Some deposits contain both styles of mineralisation which includes Peak and CSA 











PETROGRAPHY AND MINERALOGY 
3.1. Introduction 
 
The Nymagee and Hera Deposits are currently under exploration by YTC Resources Limited. 
YTC have completed a major gravity geophysics survey, covering the highly prospective 
Nymagee-Hera corridor at 100m x 100m spacing. This gravity survey (Figure 9) shows that 
the Nymagee and Hera Deposits have a discrete gravity anomaly response (YTC Resources 
Limited Annual Report 2010), with the strong positive gravity response relating to the 
significant volume of disseminated pyrrhotite surrounding the mineralisation. This is part of 
the sulfide alteration system, and can be used as a way to identify sulfide alteration through 
cover material. The ore lenses themselves are thought not to be large enough  to generate a 

















The Nymagee and Hera deposits have previously had thin-sections made, with accompanied 
petrological reports written mostly by Dr B.J. Barron. These thin-sections were available and 
used in this study, however, this study focussed on new undescribed samples. Twenty-five 
new samples from representative samples of core were prepared at Wollongong University as 
polished thin-sections. These samples are accompanied by new results of X-ray diffraction 
and HyLogger analysis. Electron microprobe analysis was undertaken to determine the 
composition of selected mineral species, especially chlorites in order to undertake chlorite 
geothermometry to compare with the results of fluid inclusion microthermometry and sulfur 
isotope geothermometry. The petrographic descriptions of the host rocks and major ore-
bearing assemblages was undertaken to describe the deposits in terms of host rocks, 
mineralogy, and alteration phases present.  
 
3.2. Analytical Methods 
Polished Thin-sections 
Ninety four thin-sections with petrographic descriptions were provided by YTC Resources 
Limited to help with the petrographic description of the two deposits. Twenty-five polished 
thin-sections (Table 2) were prepared for standard reflected and transmitted light ore 
microscopy. The polished thin-sections were viewed and described using standard reflected 
and transmitted petrography, with identification and descriptions on mineralogy, textures, 
alteration assemblages and cross-cutting relationships. 
 
Petrographic analysis and photomicrographs were taken with Leica DFC2500 at the 












Thin-section Number Sample Number Hole Details Metres (m) 
1 NMD150 NMD021, T143 459.3 
2 NMD150 NMD021, T143 459.3 
3 NMD150 NMD021, T143 459.3 
4 NMD149 NMD021, T143 459.3 
5 NMD149 NMD021, T143 459.3 
6 HRD018 HRD032, T155 514 
7 NMD043 NMD013W2, T1 156.0- 157.0 
8 NMD12 NMD015W1, T40 303.6 
9 HRD02 HRD032W1, T78 571 
10 HRD01 HRD032W1, T78 571 
11 HRD03 HRD032W1, T78 572 
12 NMD10 NMD015W1, T39 302.0- 303.6 (303.2) 
13 HRD031 HRD026, T84 295.6- 296.0 
14A NMD091 NMD021, T136 483.3 
14B NMD091 NMD021, T136 483.3 
15 NMD135 NMD021, T141 453.3 
16 HRD05 HRD032W1, T78 573 
17 NMD044 NMD019, T57 171.0- 174.0 
18 NMD15 NMD015W1, T40 306.0- 309.6 
19 NMD115 NMD021, T138 441.3 
20 NMD32 NMD015W2, T15 337.2 
21 HRD027 HRD026, T84 292.0- 292.2 
22 NMD11 NMD015W1, T39 302.0- 303.6 (303.6) 
23 NMD18 NMD015W2, T13 327.0- 328.0 
24 NMD23 NMD015W2, T14 331.0- 332.0 
25 HRD021 HRD033W1, T78 230 
Table 2: Thin-section summary table. 
 
Hand Samples 
Twenty-one hand samples were collected. Twelve of these were from the Nymagee deposit of 
which most were from the old Nymagee Copper Mine and nine were from the Hera Deposit 
of which most were from the silicified hill. All the collected drill core samples were also 
analysed. The hand samples and drill core samples were analysed and photographed to show 
texture and mineral relationships. This was undertaken using a Leica DFC320 which had a 
multi-focus photo capture technique. This allowed photos to taken at multiple focussed 







Nine samples from the Nymagee deposit and two samples from the Hera deposit were 
analysed with X-ray Diffraction (XRD) at the University of Wollongong to identify unknown 
mineral phases. The samples were powdered using a chrome TEMA mill machine and 
analysed using a Phillips XRD machine, with a Spellman DF3 generator with 1kW operating 
conditions, a copper type x-ray tube and a 4º- 70º Goniometer. Diffraction peaks were 
identified and shifted using TRACES v.4 Software, an advanced XRD scan processing 
software for Windows. Mineral identification from the peaks was undertaken with the use of 
UPDSM, a DOSbox micropowder diffraction search/ match program and Siroquant, software 
used for the quantification of crystalline compounds. The XRD analysis had to be run twice 
as no quartz could be found in the first run to shift the peaks. For the second run quartz was 
added to the samples to allow a control to shift the peaks. 
 
HyLogger 
Samples from five Nymagee diamond drill holes and two Hera diamond drill holes were 
analysed by the Geological Survey of NSW HyLogger that is housed at the W. B. Clarke 
Geoscience Centre, Londonderry. The HyLogger is a semi-automated robotic hyperspectral 
scanner capable of providing semi-quantitative mineral identification in the Visible-Near 
Infra-Red (VISNIR) and Short Wave Infra-Red (SWIR). The HyLogger consists of a 
continuous-motion X-Y table that moves at 48 mm/sec and is equipped with instruments that 
measure: VISNIR / SWIR reflectance spectra, colour imagery and core height. 
 
Diagnostic absorption features in the VISNIR and SWIR can be used to identify mineral 
species present, however not all minerals display features in this region of the 
electromagnetic spectrum. Detectable minerals include (Pontual et al. 2008) : 
 Iron Oxide Group Minerals: hematite, goethite, massive magnetite 
 Al(OH) Group Minerals: Paragonite, muscovite, phengite, illite, pyrophyllite, kaolinite, 
halloysite, dickite, smectite varieties, gibbsite. 
 Sulfates: alunite, jarosite, gypsum. 
 Ammonium Bearing Minerals: NH- alunite, buddingtonite, Na illite. 




 Mg(OH) Group Minerals: chlorites, (Mg/Fe), biotite, phlogopite, antigorite, tremorlite, 
actinolite, hornlende, brucite 
 Carbonate Group Minerals: calcite dolomite, Fe-dolomite, magnesite, ankerite, siderite, 
malachite, azurite. 
 Selected OH-bearing silicates: epidote, prehnite, tourmaline, topaz 
 Selected Zeolites. 
 
The aim of HyLogging diamond drill core is to map alteration assemblages and their 
zonation. HyLogging may be used to better understand the geochemistry of alteration 
minerals and vector towards mineralisation (Pontual et al. 2008). Most mineral systems have 
only a few key SWIR responsive minerals to work with. Those key minerals however can 
often change abundance and composition along chemical gradients from barren material to 
ore-bearing environments. These changes can be measured using the HyLogger. The hydrous 
mineralogy was analysed using the HyLogger to help characterise the alteration phases 
present in the Nymagee and Hera deposits. 
 
Electron Microprobe 
Oxides and sulfides of six thin-sections were analysed with an electron microprobe analyser 
at the centre for Geochemical Evolution and Metallogeny of Continents (GEMOC) at 
Macquarie University. Various mineral assemblages were analysed with the chlorites and 
sphalerites targeted specifically for geothermometry and geobarometry respectively. 
 
The selected polished thin-sections were first coated in graphite to create a conductive 
surface, which conducts the electrons away and reduces the build-up of charge on the sample 
surface.  Analysis was carried out using a Cameca SX100 Electron Microprobe that is 
wavelength dispersive and has operating conditions of an accelerating voltage of 15 kV and a 
beam current of 20 nA. The beam size was focussed at 1-2 μm with count times of 20 
seconds. This was divided into 10 second peak and a 10 second background. Routine 









3.3.1.1. Unaltered Host Rocks 
The host rocks found at the Nymagee deposit are a mixture of quartz turbidites interbedded 
with siltstones and shales (Figure 10, Figure 11). The turbidites display well preserved graded 
beds which give an indication as to the younging direction. Generally the beds are steeply 
dipping with the finer grained mudstone units being overprinted by a pervasive foliation 






Figure 10: Unaltered host rocks of the Nymagee Deposit. Both A) and B) are of diamond 


















A: Interbeds of coarse-grained, quartz-rich turbidites (lower left) with fine-grained siltstone 
Thin-section 7.NMD043 (Scale: 2 mm) 
                                                           
 
                                                           
 
 
B: Interbeds of coarse-grained, quartz-rich turbidites with fine-grained siltstone  
Thin-section 17.NMD044 (Scale: 500 μm) 
   
 
C: Interbeds of coarse-grained, quartz-rich turbidites with fine-grained siltstone 
Sample NMD044 multi-focus image (Scale: 2 mm) 
 
 





Mineralisation at the Nymagee deposit could be found in both the massive (Figure 12) and 
disseminated (Figure 13) form. The massive mineralisation makes up the ore lenses and the 
disseminated sulfides, mostly of pyrrhotite, surround the massive mineralisation as part of a 
sulfide alteration system. 
 
 
Figure 12: Massive sulfide ore from sample NMD150. A) Massive chalcopyrite. B) Black 




Figure 13: Disseminated sulfide from sample NMD115. Disseminated pyrrhotite and 
chalcopyrite. Disseminations also on occasion contained sphalerite and cubanite. 
 
Descriptions of individual sulfide assemblages are given below: 
 
Pyrrhotite 
Pyrrhotite is one of the main sulfides associated with Cu mineralisation at the Nymagee 
deposit, and is almost always found in association with chalcopyrite and sphalerite. There are 
no mixing or chemical reactions between these minerals, and in many cases they exist as a 
bleb or vein together. Pyrrhotite veins occasionally cut across chalcopyrite. Pyrrhotite can be 













Chalcopyrite is the main ore mineral found at the Nymagee deposit. It is almost always found 
in association with pyrrhotite and sphalerite. There are no mixing, or chemical reactions 
between these minerals. Chalcopyrite is found in massive and disseminated form. In a few 
cases black sphalerite is associated with massive chalcopyrite (Figure 12). 
 
Sphalerite 
Red sphalerite blebs are found within massive chalcopyrite and pyrrhotite. Long sphalerite 
veins occasionally cut across chalcopyrite (Figure 14). Sphalerite can be found within 
pyrrhotite veins in which no mixing occurs between the two. Black sphalerite has been found, 
and is mainly associated with the massive sulfide samples.  
 
A) Association between pyrrhotite, chalcopyrite and sphalerite. Thin-section 2.NMD150 and   
8.NMD12 (Scale: 500 μm) 













B) Sphalerite bleb in pyrrhotite from thin-section 2.NMD150 (Scale= 500 μm) 
   
Figure 14: Nymagee mineralisation: Pyrrhotite, chalcopyrite and sphalerite. 
 
Cubanite 
Cubanite is found associated with chalcopyrite at the Nymagee deposit. This indicates higher 
temperatures of hydrothermal mineralisation (Figure 15). 
 
A) Cubanite from thin-section 1.NMD150 (Scale= 500 μm) 










B) Cubanite from thin-section 8.NMD12 (Scale= 500 μm for the first photomicrograph, 200 
μm for the second photomicrograph) 
   
Figure 15: Cubanite in chalcopyrite from the Nymagee deposit. (Scale for the first three 
photomicrographs is 500 μm, and for the last photomicrograph is 200 μm. 
 
Arsenopyrite 
Arsenopyrite is found in a few thin-sections, but only in minor amounts. It was associated 
with the sulfide mineralogy (Figure 16). 
 
 
Figure 16: Arsenopyrite in pyrrhotite and chalcopyrite for the Nymagee deposit (Thin-








Magnetite was found in thin-section 18.NMD15, a highly altered sample (Figure 17). 
Pyrrhotite was found in a large amount in association with the magnetite. Chalcopyrite and 
sphalerite were also found, but in minor amounts. The magnetite was associated with chlorite 
and amphiboles, indicating higher temperatures. 
 
 

















3.3.1.3. Gangue Minerals and Alteration 
Biotite 
Biotite can be found in almost every thin-section of the Nymagee deposit, especially 
overlying mineralisation. In many cases the biotites are in a worm like shape, or radiate out 
from a single point (Figure 18). This indicates a hydrothermal origin. The only mineral to 
overly biotites is muscovite.  
 
A) Biotite from thin-section 2.NMD150 (Scale= 500 μm) 
   
 
B) Biotite and muscovite from thin-section 2.NMD150 (Scale= 500 μm) 








C) Biotite in a worm like shape from thin-section 4.NMD149 (Scale= 500 μm) 
   
Figure 18: Biotite photomicrographs from the Nymagee deposit. 
 
Chlorite 
Chlorite can be observed in a massive form, and as a green tinge staining the surrounding 
grains (Figure 19). The green tinge indicates that fluids have been travelling through the 
sample. Chlorite has been observed with biotite with the appearance that the biotite is 
breaking down to chlorite.  
 
A) Chlorite and biotite overlying pyrrhotite and chalcopyrite, from thin-section 3.NMD150 
(Scale= 200 μm) 







B) Chlorite vein through quartz grains in thin-section 12.NMD10 
   
      
 
Figure 19: Chlorite photomicrographs for the Nymagee deposit. 
 
Muscovite 
Muscovite is found overlying most mineralisation on a sample (Figure 20). It is associated 
with biotite most of the time, and even overlies the biotite. Most muscovite pieces observed 




A) Muscovite piece in biotite from thin-section 4.NMD149 (Scale= 500 μm) 
 
 
B) Muscovite in chlorite. Thin-section 15.NMD135.
   
C) Muscovite in Thin-section 23.NMD18 (Scale 200 μm). 
 







Amphiboles could be found in the highly altered samples associated with chlorite and 
magnetite. They indicate higher temperatures of formation. In many cases they could be 
found radiating out into every direction (Figure 21). 
 
A) Amphiboles in thin-section 14A.NMD041 
   
 
B) Amphiboles from thin-section 18.NMD15. 
   











3.3.1.4. Hand Specimens 
Gossan 
Gossans are useful indicators of previous existence of sulfidic ore (Robb 2005) and are most 
commonly formed from the weathering of pyrite, marcasite, pyrrhotite, Cu-Fe sulfides, 
arsenopyrite, siderite, and ankerite. The mineralogy of gossans derived from dominantly 
sulfide ore is limited to species that are stable in contact with acid sulfate solutions. In all 
gossans the predominant minerals are limonite, goethite, hematite, quartz and secondary 
silica. Depending on the parent mineral and the maturity of the gossan other minerals may 
occur as accessory constituents, including a wide variety of sulfates, arsenates, carbonates 
and silicates (Rose et al. 1979). 
Gossans can be found at the Nymagee deposit outcropping in numerous locations (Figure 22). 
 
 
   
Figure 22: Gossan from the Nymagee deposit. A) Photo of gossan outcropping at the 
Nymagee Copper Mine. B) Multi-focus photo of sample NMD39 (Scale: 5 mm). This shows 
the features of the gossen on side view. C) Multi-focus image of sample NMD36 (Scale: 5 










Gossans at the Nymagee deposit have been described by Suppel & Gilligan (1993) to 
represent the surface expression of the major ore bodies, especially from the main zone of 
mineralisation. They are massive, siliceous and have not been worked. A geochemistry 
analysis of the Nymagee gossans has been undertaken by Suppel & Gilligan (1993) (Table 3) 
in which the results show that they contain anomalous levels of metal. 
 

















Sample 1: G1976/1278 10 0.81 0.29 25 4.5 0.96 40 150 
Sample 2: G1976/1279 < 10 0.72 0.12 230 < 1.5 0.25 210 23 
Sample 3: G1976/1280 10 0.48 0.42 10500 16 0.4 < 20 17 





















Replacement Specimen  
Two replacement specimens were collected from the Nymagee deposit (Figure 23). After 
seeing a description from Suppel & Gilligan (1993) the replacement specimens are thought to 
be bleached siltstone containing pyrrhotite lineation that has been replaced by limonite. 
 
   
 
Figure 23: Hand specimens of bleached siltstone, with pyrrhotite lineation replaced by 
limonite. Arrows point out their appearance when in situ. 
 
After viewing these replacement specimens under the microscope with a multi-focus 
function, it was found that some of the lineations were red/ brown in colour, and some were 





   
 
Figure 24: Multi-focus Images of bleached siltstone, with pyrrhotite lineation replaced by 
limonite. A) Red lineations in sample NMD161 (Scale: 2 mm). B) Red lineations in sample 






















Malachite is secondary mineralisation of copper, and can be found at the Nymagee deposit. It 
is found associated with gossans, on the Nymagee Copper Mine pit walls, and outcropping on 
the surface (Figure 25). 
   
    
 
Figure 25: Malachite A) Staining on a gossan outcrop. B) Surface outcrop. C) Multi-focus 















3.3.1.5. Nymagee Deposit XRD Analysis 
Nine samples were XRD analysed for the Nymagee deposit. The minerals present, and the 
associated percentage are shown in Table 4 and Table 5. 
 
The quartz in all samples has been introduced to aid with peak shifts on the traces program. 
Samples NMD18, NMD23, NMD32, and NMD091 have a high R
2 
value. This relates to 
minerals present in the sample being unidentified, so the related percentages will be 
inaccurate. However they do still provide some of the minerals present. 
 
The XRD results show similarities between the samples. Chlorite (ferroan), pyrophyllite, 
phlogopite, kaolin and the sulfide species: pyrrhotite, chalcopyrite, sphalerite and galena 
appear to be fairly consistent throughout the different Nymagee samples. Chlorite, 











Sample NMD10 NMD13 NMD15 NMD18 NMD23 
Hole NMD015 W1 T39 NMD015 W1 T40 NMD015 W1 T40 NMD015W2 T13 NMD015W2 T14 
Metres (m) 302.0 - 303.6 (303.2) 303.6 - 306.6 (305) 306.6 - 309.6 327.0 - 328.0 331.0 - 332.0 
XRD 
Analysis 
X6969 X6970 X6966 X6963 X6962 
R
2
 6.99 6.05 9.45 38.87 64.70 
Minerals 
(%) 
Quartz (70.0%) Quartz (3.8%) Quartz (24.3%) Quartz (9%) Quartz (6%) 
  Orthoclase (1.0%) Anorthoclase (0.7%) Anorthoclase (0.3%) Talc (triclinic) (14.2%) Kaolin (0.1%) 






Phlogopite (1.1%) Sphalerite (4.6%) Sphalerite (1.9%) 
  Talc (triclinic) (0.5%) 
Pyrophyllite (mono) 
(18.1%) 
Chlorite (ferroan) (39.3%) Chlorite (70.7%) Talc (triclinic) (91.9%) 




  Sphalerite (0.1%) Sphalerite (0.1%) Galena (2.7%) . . 
  Chalcopyrite (3.8%) Chalcopyrite (2.4%) Sphalerite (0.1%) . . 
  Pyrrhotite (0.5%) Pyrite (0.4%) Pyrrhotite (1.3%) . . 
  Calcite (0.7%) Pyrrhotite (2.6%) . . . 
  . Calcite (1.8%) . . . 




Sample NMD32 NMD091 NMD140 NMD146 
Hole NMD015W2 T15 NMD021 T136 NMD021 T142 NMD021 T142 
Metres (m) 337.2 433.4 - 436.8 453.7 - 457.4 453.7 - 457.4 
XRD Analysis X6964 X6967 X6971 X6972 
R
2
 25.45 24.34 4.07 4.56 
Minerals (%) Quartz (8.2%) Quartz (3.1%) Quartz (21.9%) Quartz (70.7%) 
  Kaolin (10.2%) Kaolin (9.7%) Albite (0.1%) Anorthoclase (1.0%) 
  Chlorite (ferroan) (81.6%) Phlogopite (45.7%) Orthoclase (1.2%) Kaolin (2.0%) 
  . Chlorite (ferroan) (40.7%) Hornblende (4.4%) Phlogopite (0.3%) 
  . Galena (0.5%) Hornblende (pargasite) (0.7%) Muscovite (2.8%) 
  . Calcite (0.4%) Kaolin (15.0%) Chlorite (ferroan) (23.1%) 
  . . Phlogopite (1.1%) Galena (0.2%) 
  . . Chlorite (ferroan) (41.0%) . 
  . . Galena (0.8%) . 
  . . Sphalerite (0.5%) . 
  . . Chalcopyrite (3.2%) . 
  . . Pyrite (1.3%) . 
  . . Pyrrhotite (7.6%) . 
  . . Calcite (0.7%) . 
  . . Dolomite (0.4%) . 
Table 5: Part 2: XRD Results for selected samples of the Nymagee deposit, with the minerals and percentage present in each sample.
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3.3.1.6. Nymagee Deposit HyLogger Analysis  
Forty five drill core samples from five drill holes were analysed by the HyLogger, for the 
identification of hydrous mineralogy present in the Nymagee deposit.  
 
One sample (NMD042) was analysed from diamond drill hole NMD013W2, results are 
shown in Figure 26. The first and second most abundant minerals detected were Fe chlorite 





Figure 26: Normalised histograms for sample NMD042 showing HyLogger analysis results 
for one sample from diamond drill hole NMD013W2. Min1 is the first most SWIR spectrally 





Five samples (NMD01, NMD12, and NMD14 - NMD16) were analysed from diamond drill 
hole NMD015W1 with results shown in Figure 27. The results show that most the samples 
were interpreted as aspectral. This was because the samples were very dark coloured. 





Figure 27: Normalised histogram showing HyLogger analysis results for five samples from 
diamond drill hole NMD015W1. Min1 is the first most SWIR spectrally active mineral 




Eight samples (NMD17, NMD19- NMD22, NMD25, NMD34 and NMD27) were analysed 
from diamond drill hole NMD015W2 with results shown in Figure 28. The results show that 
the abundant minerals detected were: chlorite, in the form of Mg chlorite and Fe Mg chlorite. 
Amphiboles found in the form of actinolite, tremolite and hornblende. White micas found as 
muscovite, phengite and paragonite. A small trace of dark mica was detected in the form of 
phlogopite. Other minerals detected include talc, and minor traces of zoisite, ankerite, 







Figure 28: Normalised histogram showing HyLogger analysis results for eight samples from 
diamond drill hole NMD015W2. Min1 is the first most SWIR spectrally active mineral 

























Two samples (NMD050 and NMD062) were analysed from diamond drill hole NMD019, 
with results shown in Figure 29. The samples are of turbidite host rocks. The results show 





Figure 29: Normalised histogram showing HyLogger analysis results for two samples from 
diamond drill hole NMD019. Min1 is the first most SWIR spectrally active mineral 




Twenty nine samples were analysed from diamond drill hole NMD021 with results shown in 
Figure 30. Most samples were interpreted as aspectral. This is because the samples were very 
dark. However it did detect minerals which include: white micas in the form of muscovite, 
phengite, minor illitic phengite and paragonite. Dark micas are detected in the form of biotite. 
Chlorites are detected in the form of Fe-Mg chlorite, Fe chlorite and Mg chlorite.  Minor 




Figure 30: Normalised histogram showing HyLogger analysis results for twenty nine 
samples from diamond drill hole NMD021. Min1 is the first most SWIR spectrally active 





3.3.2.1. Unaltered Host Rocks 
The host rocks found at the Hera deposit are a mixture of quartz turbidites interbedded with 
siltstones and shales (Figure 31). The turbidites display well preserved graded beds which 
give an indication as to the younging direction.  
 
Occasionally the siltstones and shales are discoloured with a green tinge, possibly of 
muscovite or chlorite. This discolouration mostly occurs close to mineralisation, indicating 
that fluids have travelled through the fine grained section to deposit the mineralisation. The 
quartz turbidites are usually fairly brecciated, and in many cases be found in the fine grained 
section with a vein like appearance. Distinct boundaries between the coarse and fine grained 
sections exist. In areas where mineralisation is present the host rocks look highly disturbed, 
broken up, and are stained with muscovite or chlorite. This indicates that the mineralisation 
has come in at a later stage with fluids that were destructive. 
 
A) Interbeds of coarse-grained, quartz-rich turbidites with fine-grained siltstone. Black, 
lenticular lenses and discolouration exist in the siltstones and shales. Thin-section 
25.HRD021. 




   
 
B) Interbeds of coarse-grained, quartz-rich turbidites with fine-grained siltstone that has been 
broken up by the mineralisation of sphalerite. The fine grained siltstone is also tinged green. 
Thin-section: 9.HRD02. 
   




Sphalerite is the dominant sulfide observed at the Hera deposit and is always found as red 
sphalerite. The intensity of the red colour varies from a dark red to a lighter orange (Figure 32 
A). Sphalerite is almost always found with galena, and in many cases is found with 







A) Two different colours of sphalerite from thin-section 11.HRD03 (Scale: 500 μm) 
   
B) Sphalerite with galena from thin-section 10.HRD01 
   
Figure 32: Sphalerite photomicrographs for the Hera deposit. 
 
Galena 
Galena is almost always found with sphalerite at the Hera deposit. There are no chemical 
reactions or mixing occurring between sphalerite and galena. In many cases the galena is 










A) Sphalerite with galena from thin-section 11.HRD03 
   
B) Highly pitted galena from thin-section 6.HRD018 (Scale: 500 μm) 
   
Figure 33: Galena photomicrographs for the Hera deposit. 
 
Pyrrhotite and Chalcopyrite 
Pyrrhotite is almost always found in association with chalcopyrite and sphalerite at the Hera 
deposit. There are no mixing or chemical reactions between these minerals; Sphalerite is 
more dominant than pyrrhotite and chalcopyrite. 
 
Pyrite 
Pyrite was rarely seen during this study.  However it was seen in thin-section 21.HRD027 
(Figure 34). The pyrite pieces overlay everything, including alteration. This indicates that it is 
later stage mineralisation. The pyrite pieces varied in size and shape and were found 




   
   
Figure 34: Pyrite pieces overlying everything from thin-section 21.HRD027 
 
3.3.2.3. Gangue Mineralisation and Alteration 
The siltstones and shales are occasionally discoloured with a green tinge, possibly of 
muscovite or chlorite, and a brown tinge of possibly biotite (Figure 35). This discolouration 
mostly occurs close to mineralisation, indicating that fluids have travelled through the fine 















A) Discolouration of the siltstones and shales close to mineralisation of sphalerite for thin-
section:  11.HRD03 
 
 
   
 
 






B) Discolouration with muscovite of the siltstones and shales close to mineralisation of 
sphalerite for thin-section:  10.HRD01.  
   
Figure 35: Discolouration of shales and siltstones close to mineralisation of the Hera deposit. 
 
Sericite 
Sericite alteration covers the some of the shale and siltstones. Two forms of sericite alteration 
has been observed with the first having an asbestiform appearance that is lenticular and 
aligned (Figure 36 A). The second form has a wispy, with random alignment (Figure 36 B).  
 
A) Aligned sericite alteration of shale/ siltstone in thin-section: 13.HRD031 











B) Wispy appearing sericite (possible actinolite?) covering the quartz-rich area of thin-
section: 21.HRD027 
   
Figure 36: Sericite alteration of the Hera deposit. B) Possible actinolite present? 
 
Muscovite 
Muscovite can be found staining the shale and siltstones when found close to mineralisation 
(Figure 35 B). This indicates that it has come in with the mineralising fluids. There is a 
massive muscovite vein cutting through the fine grains of thin-section 21.HRD027 (Figure 
37).  
 
A) Muscovite vein cutting through the fine grained shale/ siltstone of thin-section: 
21.HRD027. The opaque mineral is pyrite 




   




Silicification refers specifically to the formation of new quartz or amorphous silica minerals 
in a rock during alteration. Minor silicification can develop in the alteration halos associated 
with many ore deposit types and are usually a by-product of isochemical hydrolysis reactions 
where Si is locally derived. Another form is the filling in of fractures with quartz, forming 
veins, when the fractures have hydrothermal fluids have passed through. The Si in these 
environments is usually derived from leaching of the country rocks from which the fluids are 
circulating. Intense silicification forms as a result of cation metasomatism by which a large 
amount of Si
4+
 in solution is added to the system, however this type of alteration is 
characteristic of the sinter zones in high level epithermal precious metal ore deposits (Robb 
2005). 
 
Silicification can be seen at the Hera deposit. The Hera deposit is located at the foot of a 
silicified hill called ‗The Peak‘ (Figure 38). The silicification of altered areas often result in 







Figure 38: View of the silicified hill, named ‗The Peak‘. 
 
 
   
 
   
Figure 39: Samples of the silicified hill. A) View of a silicified rock wall of the hill. B) Close 
up photo of the silicified rocks (note the quartz vein). C) Sample HRD11 multi-focus image 
(Scale: 5 mm), showing silicification that also has a gossan looking surface. D) Silicified 











3.3.2.4. Hera Deposit XRD Analysis 
Two samples were XRD analysed for the Hera deposit. One is sample HRD027 which the 
same sample as thin-section 21.HRD027. The second is sample HRD031. The minerals 
present, and the associated percentage are shown in Table 6.  
 
The quartz in both samples has been introduced to aid with peak shifts on the traces program. 
Sample HRD031 has a high R
2 
value of 30.51. This relates to minerals that are present in the 
sample that have not been interpreted in the analysis. These missing minerals mean that the 
related percentages for sample HRD031 will be inaccurate. Sample HRD027 has a low R
2 
value of 6.28. This indicates that the minerals interpreted in the XRD analysis are fairly 
accurate, and have close related percentages. 
 
The two XRD analyses have phlogopite in common, and sample HRD027 contains chlorite. 
The below HyLogger results also detect these two minerals.  
 
 
Sample HRD027 HRD031 
Hole HRD026 T84 HRD026 T84 
Metres (m) 291.0-292.0 295.0-296.0 
XRD Analysis X6965 X6968 
R
2
 6.28 30.51 
Minerals (%) Quartz (29.3%) Quartz (8.6%) 
  Albite (16.0%) Kaolin (0.1%) 
  Orthoclase (7.6%) Phlogopite (64.8%) 
  Anorthoclase (10.3%) Muscovite (26.0%) 
  Kaolin (3.1%) Sphalerite (0.5%) 
  Phlogopite (1.5%) . 
  Chlorite (ferroan) (30.2%) . 
  Sphalerite (0.5%) . 
  Pyrite (1.5%) . 
Table 6: XRD Results for selected samples of the Hera deposit, with the minerals and 








3.3.2.5. Hera Deposit HyLogger Analysis 
Eleven drill core samples from two drill holes were analysed by the HyLogger, for the 
identification of hydrous mineralogy present at the Hera deposit.  
 
Eight samples (HRD23- HRD30) were analysed from diamond drill hole HRD026, results are 
shown in Figure 40. The results show that the abundant minerals detected were: amphiboles 
in the form of actinolite, with tremolite and hornblende also detected. Two forms of chlorite 
have been identified with Fe-Mg chlorite with the highest detection. Mg chlorite was detected 
as the second most abundant chlorite. Dark micas are detected in the form of phlogopite, and 
white micas detected in the form of phengite. The dark micas are more abundant than the 





















Figure 40: Normalised histogram showing HyLogger analysis results for eight samples from 
diamond drill hole HRD026. Min1 is the first most SWIR spectrally active mineral 







Three samples (HRD02, HRD04 and HRD06) were analysed from diamond drill hole 
HRD032W1, results are shown in Figure 41.  The results show that most abundant detection 
is Fe-Mg chlorite. Two forms of white micas are detected in the form of muscovite and 





Figure 41: Normalised histogram showing HyLogger analysis results for three samples from 
diamond drill hole HRD032W1. Min1 is the first most SWIR spectrally active mineral 




3.4. Electron Microprobe Geothermometry 
Chlorite is one of the most common silicates in geologic environments subjected to moderate 
thermobarometric conditions of around 150°C- 450°C (Cathelineau and Nieva 1985). The 




, Al and Si
 
contribute to the wide ranging 
compositional variability, or non-stoichiometry. This non-stoichiometric behaviour of 
chlorite makes it a potentially attractive geothermometer (de Caritat et al. 1993).   
 
Three different chlorite geothermometry formulas were used to calculate the chlorite 





T1 T°C = - 61.92 + ( 321.98*Al
IV 
) (Cathelineau 1988) 
T2 T°C = ( 319*( Al
IV
+( 0.1*Fe/(Fe+Mg) ) ) ) - 69 (Jowett 1991) 
T3 T°C = ( Al
IV
+0.0826 ) /0.00471 
(Cathelineau and Nieva 
1985) 
Table 7: Chlorite geothermometry formulas of different methods, to calculate chlorite 
formation temperatures. 
 
Eight chlorite samples for the Nymagee deposit were analysed and have the compositions 
shown in Table 8. Results for the Cathelineau (1988) method ranged from 310°C- 378°C and 
resulted with an average temperature of 352°C. Results for the Jowett (1991) method ranged 
from 319°C- 394°C and resulted with an average temperature of 361°C. Results for the 
Cathelineau & Nieva (1985) method ranged from 264°C- 308°C and resulted with an average 
temperature of 292°C. 
 
With every calculated temperature from all three formulas, an average temperature for the 
Nymagee deposit is 335°C. 
 
Four chlorite samples for the Hera deposit were analysed have the compositions shown in 
Table 9. Results for the Cathelineau (1988) method ranged from 321°C- 360°C and resulted 
with an average temperature of 337°C. Results for the Jowett (1991) method ranged from 




Cathelineau & Nieva (1985) method ranged from 270°C- 296°C and resulted with an average 
temperature of 281°C. 
 
With every calculated temperature from all three formulas, an average temperature for the 
Hera deposit is 319°C 
 
Thin-section 14A.NMD091 18.NMD15  3.NMD150 3.NMD150 15.NMD135 15.NMD135 14B.NMD091 14B.NMD091  
Analysis 1 11 20 24 32 36 44 45 
Oxide Wt. % Wt. % Wt. % Wt. % Wt. % Wt. % Wt. % Wt. % 
K2O 0.02 0.02 0.01 0.04 0.03 0.03 0.04 0.03 
CaO 0.02 0.02 0.01 0.02 0.01 0.00 0.03 0.02 
Na2O 0.02 0.08 0.01 0.03 0.02 0.03 0.05 0.01 
FeO 33.04 39.70 25.94 25.52 24.89 26.92 31.43 31.25 
MgO 9.30 4.74 13.92 13.91 14.03 11.85 9.89 10.25 
SiO2 24.93 22.85 25.62 25.68 25.27 26.80 24.22 24.99 
MnO 1.12 0.94 0.54 0.51 0.70 0.65 1.05 0.99 
TiO2 0.03 0.04 0.08 0.07 0.05 0.06 0.06 0.06 
Cr2O3 0.00 0.03 0.01 0.00 0.00 0.02 0.00 0.00 
F 0.00 0.00 0.03 0.00 0.00 0.00 0.00 0.00 
Al2O3 19.76 19.63 21.79 21.68 22.27 21.23 21.21 20.07 
Total 88.25 88.04 87.96 87.45 87.28 87.60 87.97 87.65 
                                     
Si 
IV
 2.74 2.63 2.70 2.72 2.67 2.84 2.65 2.74 
Al 
IV
 1.26 1.37 1.30 1.28 1.33 1.16 1.35 1.26 
Al 
VI
 1.30 1.29 1.41 1.42 1.45 1.50 1.38 1.33 
Fe 
2+
 3.04 3.82 2.29 2.26 2.20 2.39 2.87 2.86 
Mg 
2+
 1.52 0.81 2.19 2.19 2.21 1.87 1.61 1.67 
Mn 
2+
 0.10 0.09 0.05 0.05 0.06 0.06 0.10 0.09 
6-Σ
VI





 0.65 0.81 0.51 0.50 0.49 0.55 0.63 0.62 
                  
Fe/(Fe+Mg) 0.67 0.81 0.51 0.51 0.50 0.56 0.64 0.63 
Fe/Mg 2.00 4.72 1.05 1.03 1.00 1.28 1.78 1.71 
                  
T1 343 °C 378 °C 356 °C 349 °C 365 °C 310 °C 372 °C 343 °C 
T2 354 °C 394 °C 362 °C 356 °C 371 °C 319 °C 382 °C 353 °C 
T3 285 °C 308 °C 294 °C 289 °C 300 °C 264 °C 304 °C 285 °C 





Thin-section         11.HRD03   6.HRD018 
Analysis 11 19 18 27 
Oxide Wt. % Wt. % Wt. % Wt. % 
K2O 0.09 0.04 0.02 0.04 
CaO 0.00 0.01 0.12 0.00 
Na2O 0.02 0.07 0.05 0.02 
FeO 25.40 24.27 25.73 13.80 
MgO 13.61 14.94 12.83 23.05 
SiO2 25.64 26.56 25.54 28.56 
MnO 1.05 0.89 1.12 0.66 
TiO2 0.06 0.01 0.02 0.00 
Cr2O3 0.03 0.02 0.00 0.00 
F 0.00 0.00 0.09 0.09 
Al2O3 22.38 20.90 20.35 21.92 
Total 88.29 87.70 85.87 88.15 
               Structural Formulae   
Si 
IV
 2.69 2.78 2.77 2.81 
Al 
IV
 1.31 1.22 1.23 1.19 
Al 
VI
 1.46 1.37 1.38 1.35 
Fe 
2+
 2.23 2.13 2.34 1.13 
Mg 
2+
 2.13 2.34 2.08 3.38 
Mn 
2+
 0.09 0.08 0.10 0.06 
6-Σ
VI





 0.50 0.47 0.52 0.25 
          
Fe/(Fe+Mg) 0.51 0.48 0.53 0.25 
Fe/Mg 1.05 0.91 1.13 0.33 
          
T1 360 °C 331 °C 334 °C 321 °C 
T2 365 °C 335 °C 340 °C 319 °C 
T3 296 °C 277 °C 279 °C 270 °C 









3.5. Comparison between Nymagee and Hera 
The two deposits occur in a strongly altered and deformed sequence of shelf and turbiditic 
sedimentary rocks and are host to two different styles of mineralisation. The Nymagee 
deposit has mineralisation characterised by the presence of pyrrhotite, chalcopyrite, cubanite, 
and sphalerite assemblages that are associated with strong biotite, chlorite and muscovite 
alteration. The Hera deposit has mineralisation characterised by sphalerite, galena and 
pyrrhotite with alteration seen as sericite, muscovite and biotite. The HyLogger has detected 
amphiboles in samples from both deposits in the form of actinolite tremolite and hornblende. 
Other similar minerals detected include muscovite, phengite, chlorites, both Fe and Mg, and 
phlogopite. The HyLogger detected biotite and talc within the Nymagee samples which agree 
with the XRD results. 
 
Chlorite geothermometry results for the Nymagee deposit provided chlorite temperatures 
between 292°C- 394°C, with an average temperature of 335°C. The Hera deposit provided 
chlorite temperatures 270°C - 365°C with an average temperature of 319°C. This means that 









Fluid inclusions may give information on crystallisation conditions, such as pressure, 
temperature, oxygen fugacity, and on the composition of the fluids occurring during mineral 
formation (Bersani et al. 2009). Ore-forming fluids are best studied by examining fluid 
inclusions that exist in transparent minerals such as quartz, but may also be studied in semi-
transparent ore minerals such as sphalerite (Robb 2005). The study of fluid inclusions in ore 
deposits has provided constraints on the physical and chemical environment of ore deposition 
(Roedder 1984). The investigation of fluid inclusions is very important in order to gain 
information on the composition of the mineralising fluids, their trapping temperature and 
pressure, and the depth of formation of the ore deposits (Bersani et al. 2009). 
 
When crystals grow or recrystallise in a fluid medium of any kind, growth irregularities can 
result in the trapping of small portions of the host fluid in the solid crystal. Such irregularities 
may be sealed off during the growth of the surrounding part of the host crystal, yielding 
primary fluid inclusions. These represent portions of the fluid present during primary growth. 
Healing of fractures in mineral grain formed at some later time yields secondary inclusions, 
and the study of these later inclusions can yield information on the conditions of processes 
operating at the time of crystal healing. The inclusions in any given sample are rarely of only 
one generation (Roedder 1984; Bodnar 1993). 
 
At room temperature, fluid inclusions can contain liquid, solid and gaseous phases. 
Sometimes this variety of phases is simply due to the heterogeneous nature of the fluid at the 
moment of entrapment, but it can also be a consequence of homogeneous trapping and later 
phase separation on cooling (Rankin 1989). With decreasing temperature and different 
thermal contraction between the host mineral and the entrapped fluid, the contents of 
inclusions may evolve into one or more liquids, a vapour bubble and possibly even solid 
phases, which are salts contained in the entrapped fluid (Bersani et al. 2009). These salts, 
originally in solution at higher temperatures, may precipitate as daughter minerals on 
reaching their saturation points during cooling. The most common of these is halite (NaCl), 
although a large number of exotic and unusual daughters have been reported from specific 




To determine the composition of the fluid inclusions two analytical methods are widely used. 
These are microthermometry and laser Raman spectroscopy (Bersani et al. 2009). Fluid 
inclusion microthermometry involves detailed microscopic observation and monitoring of 
various phase changes within an inclusion after freezing and heating. Freezing related 
observations yield information on the salinity of the entrapped fluids. This is because of the 
predictable relationship between the freezing temperature of a fluid and it‘s dissolved salt 
content (Rankin 1989). In freezing studies, inclusions are typically cooled to temperatures as 
low as -196ºC and then gradually heated to allow observation of phase changes which 
provide better knowledge as to the composition of the fluid (Bersani et al. 2009).  
 
Heating related observations involves the determination of the temperature at which the 
heterogeneous contents of the fluid inclusions, usually just liquid and vapour, re-homogenise 
on heating (Rankin 1989). The heating processes replicate a condition similar to the original 
environment. To obtain the exact environmental conditions during fluid entrapment, the 
micro-thermometric data must be extended using a specific equation of state according to the 
composition of the fluid. However in multiphase fluids it is necessary to know the exact 
composition of the fluid. This is why laser Raman spectroscopy and microthermometry are 
considered complementary to one another (Bersani et al. 2009). 
 
Fluid inclusion studies have been undertaken at several other deposits in the Cobar Basin. 
These include the Peak, C.S.A., Elura, McKinnons Tank and New Occidental Cobar deposits, 
all with very similar results (Stegman 2001). The primary fluid inclusions are typically small, 
uniformly two-phase and liquid-rich. Many fluid inclusions associated with the earlier 
paragenetic stages show clear modification by deformation, whereas those from later 
paragenetic stages, associated with base metal mineralisation, show relatively well preserved 
inclusion populations, with a secondary inclusion population usually present (Stegman 2001). 
Stegman (2001) found that fluid inclusions within the Cobar region yield homogenisation 
temperatures in the range of 150-420ºC (generally 200-350ºC). The higher temperature 







4.2. Analytical Methods of Fluid Inclusions 
In this study six samples of mineralised drillcore were selected for fluid inclusion analysis; 
three from the Hera deposit and three from the Nymagee deposit. Samples were selected on 
the basis that they comprised quartz veins that were clearly genetically associated with ore 
mineralogy. In the case of the Hera samples those selected were chosen because they 
contained massive red sphalerite, in the hope of being able to study fluid inclusions in both 
the massive quartz and the semi-transparent red sphalerite. 
 
Doubly polished thick sections were prepared at the University of New England. The section 
thickness varied depending on the relative transparency of the minerals identified for fluid 
inclusion analysis. Quartz, being highly transparent means that a relatively thick section - 
(~100 microns) can be used which will maximise the potential number of inclusions and the 
integrity of the wafer. Samples rich in semi-transparent sphalerite were reduced to about 70 
microns in order to clearly identify and analyse the fluid inclusions.  (Table 10, Figure 42). 
 











1 NMD149 Nymagee NMD021 T143 459.3 5 100 microns 
2 NMD150 Nymagee NMD021 T143 459.3 2 100 microns 
3 NMD151 Nymagee NMD021 T143 459.3 . 70 microns 
4 HRD01 Hera HRD032W1 T78 571 10 70 microns 
5 HRD05 Hera HRD032W1 T78 573 16 70 microns 
6 TNY005W2 -6 Hera TNY005 W2 -6 605.8 TN00087 100 microns 
Table 10: Summary table of the doubly polished wafers used in fluid inclusion analysis. 
 
The six doubly polished thick-sections were viewed under the microscope before fluid 
inclusion analysis, to map out areas to target. Photomicrographs were taken for each sample 






         
 
         
 
         
                
Figure 42: Photomicrographs of the doubly polished wafers on glass slides. The number at 
the bottom right of the photo relates to the number in Table 10. (1, 2, and 3): Massive quartz 
associated with mineralisation of chalcopyrite and pyrrhotite in the Nymagee deposit. (Small 
amount of black sphalerite also found in 3). Biotite and muscovite is also present (excluding 
2). (4 and 5): Red sphalerite and galena associated with quartz in the Hera deposit. (6): Red 
sphalerite, galena and chalcopyrite associated with massive quartz pieces and normal quartz 




Analysis of the fluid inclusions was undertaken at Geoscience Australia (GA) in Canberra 
under the supervision of Dr Terry Mernagh. Two forms of fluid inclusion analysis were 
undertaken: laser Raman spectroscopy and microthermometric heating-freezing analysis. 
 
4.2.1. Laser Raman Microprobe 
The doubly polished sections were first analysed with a laser Raman microprobe, to gain 
compositional data on inclusion vapour content. This was undertaken using a Dilor 
SuperLabram spectrometer that was equipped with a holographic notch filter with 600 and 
1800 g/mm gratings. It also had a 2000 x 450 pixel CCD detector that was liquid N2 cooled. 
The fluid inclusions were illuminated with a 633 nm laser excitation, using 5 mW of power at 
the samples. An Olympus BX40 microscope with a 100X objective was used to focus the 
laser beam and collect the scattered light. The focused laser spot on the samples was 
approximately 1 μm in diameter and wavenumbers are accurate to ± 1 cm
-1
 as determined by 
plasma and neon emission lines.  For the analysis of CO2, O2, N2, H2S and CH4 in the vapour 
phase, spectra were recorded from 1000 to 3800 cm
-1
 using a single 30 second integration 
time per spectrum (Mernagh and Wygralak 2007). The detection limits (~1 mole %)  are 
stated as being dependent on the partial pressure of each gas, instrumental sensitivity, and the 
optical quality of each fluid inclusion (Wopenka and Pasteris 1987).  
 
The doubly polished sections were soaked in acetone to separate the wafer from the glass 
slide. The individual quartz pieces within the wafer were examined under the microscope to 
select the areas with largest abundance of fluid inclusions. 
 
4.2.2. Microthermometric Measurements 
Microthermometric measurements on the fluid inclusions were obtained using a Linkam 
MDS 600 heating–freezing stage and an Olympus BX60 microscope with transmitted light. 
The Linkam stage was pre-calibrated with a series of synthetic fluid inclusions of known 
composition (Mernagh and Wygralak 2007). The fluid inclusions were heated at a rate of 
around 50°C/min up to the temperature of 200°C and at a rate of 5°C/min above that to allow 
the recording of more accurate homogenisation temperatures. The highest temperature that 




Freezing of the fluid inclusions was performed using a liquid nitrogen cooling stage with all 
fluid inclusions being frozen to -196°C. From this temperature each inclusion is gradually 
heated while being observed on a live monitor in order to record the appropriate phase 
changes. The recording of phase changes was undertaken visually, and a photo taken to 
record the temperature at the time of each phase change (Figure 43).   
  
4.3. Results of Fluid Inclusion Microthermometry 
The fluid inclusions from the Nymagee deposit are hosted in massive quartz and were 
interpreted as being mostly of primary origin. They were larger in size than the Hera fluid 
inclusions (Figure 43) and had irregular to ellipsoidal shapes.  Most of the fluid inclusions 
analysed are aqueous-rich, containing a liquid and a vapour phase. A single, three phase 
(solid, liquid and gas) fluid inclusion was observed (Figure 43 A) but this was rare.  
 
Suitable fluid inclusions from the Hera deposit were rare as most of the quartz was 
recrystallised. The best preserved Hera inclusions were found in a sample comprising a more 
massive type of quartz. These inclusions are small (Figure 43 F) and vapour rich. Most 
appeared to be secondary in origin. Few analyses were therefore undertaken on the Hera 
inclusions for this reason, and because of their scarcity.  
 
No fluid inclusions could be found in the black sphalerite from the Nymagee deposit or the 
red sphalerite from the Hera deposit.  
 
Photomicrographs of selected fluid inclusions are shown in Figure 43. This shows the various 










              
 
 
             
             
 
            
        
 
Figure 43: Photomicrographs of selected Nymagee and Hera fluid inclusions at room 
temperature. (F.O.V. is X= 78 microns, Y= 57 microns for an 80x objective). (A) Sample 
1.4.NMD149 at 21.0ºC. A three phase inclusion containing: a vapour bubble, liquid and three 
solids. B) Sample 1.1.NMD149 at 22.0ºC. A two phase inclusion containing both liquid and 
vapour. C) Sample 1.5.NMD149 at 15.2ºC. A two phase inclusion. D) Sample 2.4.NMD150 
at 10.7ºC. A two phase Inclusion. E) 2.10.NMD150 at 21.1ºC. A two phase inclusion. F) 












4.3.1. Laser Raman Microprobe Results 
Four of the six samples, originally selected, yielded fluid inclusions containing vapour phases 
that could be analysed with the Raman as shown in Table 11.  
 
Number Sample ID 
Total Nitrogen (N2) 
Peaks 
Total Methane (CH4) 
Peaks 
1 NMD149 2 10 
2 NMD150 1 1 
3 NMD151 2 8 
6 TNY005 W2-6 0 3 
Table 11: Summary table of fluid inclusion vapour content from Laser Raman Microprobe 
analysis. 
 
The Raman analysis shows that a high proportion of the fluid inclusion vapour bubbles 
contain methane, and occasionally nitrogen. No carbon dioxide was detected. The 
wavelengths that were targeted are listed in Table 12. 
 

















H2O 3652 vapour/ 3450 liquid 
H2 587/4161 
Table 12: Laser Raman Microprobe wavelengths for identifying gas species in fluid 
inclusions (from Terry Mernagh at Geoscience Australia). 
 
Nitrogen peaks were seen at a wavelength of 2328 cm
-1
, and methane peaks were seen around 
the wavelength of 2917 cm
-1 
(Figure 44). The gas peaks shift to lower wavenumbers with 











Figure 44: Laser Raman Microprobe spectra for the vapour phase within individual fluid 
inclusions. (A): Nymagee sample NMD149, fluid inclusion 10, from massive quartz showing 
spectra for both nitrogen and methane gas. (B): Hera sample TNY005w2-6, fluid inclusion 
H3_3, from massive quartz showing spectra for methane gas. More Raman spectrums can be 

























































































































(A) Laser Raman Microprobe: Nymagee 
NMD149_10



















































































































4.3.2. Microthermometric (Heating-Freezing) Results 
The results of the microthermometric heating and freezing stages are shown in Table 13 and 
Table 14, and are summarised in Figure 45.   
 
The temperatures recorded in the heating process of fluid inclusion analysis were the 
observed homogenisation temperatures (Observed Th), observed homogenisation 
temperatures of the bubble, for fluid inclusions that have a solid stage (Bubble Th) and the 
decrepitation temperature (Td) for inclusions that burst. 
 
The microthermometric heating results for the Nymagee deposit came from samples 
NMD149 and NMD150. Thirteen observed Th temperatures were recorded for the Nymagee 
deposit and ranged from 229.6ºC to 392.0ºC. This resulted in a mean Th temperature of 
288.6ºC and a mode of 240ºC.  The only three phase fluid inclusion (Figure 43 A) gave a 
(V+L+S → L+S) observed Th bubble temperature of 280.1ºC. Many fluid inclusions in the 
two samples decrepitated before homogenisation. Five of these Td temperatures were 
recorded and ranged from 207.0ºC to 360.6ºC. This resulted in a mean Td temperature of 
279.5ºC and a mode Td temperature of 280ºC. 
 
The microthermometric freezing results for the Nymagee deposit had twenty five Te 
temperatures ranging from -69.3ºC to -5.4ºC. This resulted in a mean Te temperature of -
29.4ºC and a mode Te temperature of -30ºC. Thirty observed Tm Ice temperatures were 
recorded and ranged from -15.0ºC to +8.4ºC. This resulted in a mean observed Tm ice 
temperature of -1.3ºC and a mode Tm ice temperature of 0ºC. 
 
Data from the Hera deposit came from sample TNY005 W2-6, but only provided four 
observed Th temperatures. This resulted with a range of 240.4ºC to 366.0ºC, with a mean 
observed Th temperature of 310ºC. It must be stated that the accuracy of the Hera results 
cannot be determined as only four suitable fluid inclusions could be found in the designated 










Observed Th Bubble Th Td 
1 1.1.NMD149          Nymagee   -0.30         
2 1.2.NMD149 Nymagee -7.60 8.40 33.50       
3 1.3.NMD149 Nymagee -32.90 -0.20 20.10       
4 1.4.NMD149 Nymagee . -0.30     288.10   
5 1.5.NMD149 Nymagee -5.40 -0.20   254.70     
6 1.6.NMD149 Nymagee -8.80 -0.60         
7 1.7.NMD149 Nymagee -10.00 -0.80   230.90     
8 1.8.NMD149 Nymagee -7.70 0.60   312.60     
9 1.9.NMD149 Nymagee -28.00 -2.40   237.80     
10 1.10a.NMD149 Nymagee -35.10 -15.00   229.60     
11 1.10b.NMD149 Nymagee -28.00 -8.00   Burst Bubble     
12 1.11.NMD149 Nymagee -36.30 -1.20   Burst Bubble     
13 1.12.NMD149 Nymagee -29.00 -2.50   246.40     
14 1.13.NMD149 Nymagee -28.20 -0.70   Burst Bubble     
15 1.14.NMD149 Nymagee -60.00 -2.90   Burst Bubble   340.00 
16 1.15.NMD149 Nymagee -52.10 -1.50   Burst Bubble     
17 1.16.NMD149 Nymagee -43.00 -1.00   Burst Bubble     
18 1.17.NMD149 Nymagee -69.30 0.80   Burst Bubble     
19 1.18.NMD149 Nymagee -56.10 -0.30   Burst Bubble     
20 1.19.NMD149 Nymagee -41.90 1.20   Burst Bubble     
21 1.20.NMD149 Nymagee -19.40 -1.80   Burst Bubble     
22 2.1.NMD150 Nymagee   -3.50         







*1: Contains 5% volume H2O vapour 




24 2.3.NMD150 Nymagee   -0.60         
25 2.4.NMD150 Nymagee -21.20 0.30         
26 2.5.NMD150 Nymagee -28.40 -2.90   392.00     
27 2.6.NMD150 Nymagee             
28 2.7.NMD150 Nymagee -28.20 -0.40       227.70 
29 2.8.NMD150 Nymagee -16.00 -0.60         
30 2.9.NMD150 Nymagee -23.10 -0.60         
31 2.10.NMD150 Nymagee -18.50 0.20   Burst Bubble   207.00 
32 2.11.NMD150 Nymagee       233.80     
33 2.12.NMD150 Nymagee       236.60     
34 2.13.NMD150 Nymagee           360.60 
35 2.14.NMD150 Nymagee             
36 2.15.NMD150 Nymagee             
37 2.16.NMD150 Nymagee           262.30 
38 2.17.NMD150 Nymagee       340.20     
39 2.18.NMD150 Nymagee       365.00     
40 2.19.NMD150 Nymagee       365.10     
41 2.20.NMD150 Nymagee       307.60     









Observed Th Bubble Th Td 
1 4.1.HRD01  Hera             
2 6.1.TNY005W2-6 Hera             
3 6.2.TNY005W2-6 Hera             
4 6.3a.TNY005W2-6 Hera       240.40     
5 6.33b.TNY005W2-6 Hera       343.60     
6 6.4.TNY005W2-6 Hera       366.00     
7 6.5.TNY005W2-6 Hera       291.10     





Te =     Temperature of eutectic melting (first melting). 
Observed Tm Ice =         Observed final melting of ice. 
Observed Tm Clathrate =  Observed final melting of Clathrate. This is for gas rich inclusions, Clathrate is a gas- ice mixture. 
Observed Th =   Observed total homogenisation temperature.  
Bubble Th =    Observed homogenisation temperature of the bubble when solids are still present in the inclusion.  









Figure 45: Histograms plots of A) homogenisation temperatures (mode of 240ºC ±10ºC) and 




















































































4.4. Interpretations of the Fluid Inclusion Results 
Salinities within fluid inclusions are most often determined by measuring the melting 
temperature of ice in the inclusion and then referring this value to an equation or table that 
describes the relationship between salinity and the freezing-point depression (FPD) (Bodnar 
1993). The FPD is the negative value of the freezing temperature. Bodnar (1993) has created 
this table seen in Table 15 from the equation below.  




Where θ is the FPD in degrees Celsius.  
 
The above equation is accurate to ±0.05 wt.% NaCl for all temperatures from 0.0ºC to the 
eutectic temperature of -21.2ºC for H2O-NaCl (Bodnar 2003).  
 
FPD (θ) .0 .1 .2 .3 .4 .5 .6 .7 .8 .9 
0 0.00 0.18 0.35 0.53 0.71 0.88 1.05 1.23 1.40 1.57 
1 1.74 1.91 2.07 2.24 2.41 2.57 2.74 2.90 3.06 3.23 
2 3.39 3.55 3.71 3.87 4.03 4.18 4.34 4.49 4.65 4.80 
3 4.96 5.11 5.26 5.41 5.56 5.71 5.86 6.01 6.16 6.30 
4 6.45 6.59 6.74 6.88 7.02 7.17 7.31 7.45 7.59 7.73 
5 7.86 8.00 8.14 8.28 8.41 8.55 8.68 8.81 8.95 9.08 
6 9.21 9.34 9.47 9.60 9.73 9.86 9.98 10.11 10.24 10.36 
7 10.49 10.61 10.73 10.86 10.98 11.10 11.22 11.34 11.46 11.58 
8 11.70 11.81 11.93 12.05 12.16 12.28 12.39 12.51 12.62 12.73 
9 12.85 12.96 13.07 13.18 13.29 13.40 13.51 13.62 13.72 13.83 
10 13.94 14.04 14.15 14.25 14.36 14.46 14.57 14.67 14.77 14.87 
11 14.97 15.07 15.17 15.27 15.37 15.47 15.57 15.67 15.76 15.86 
12 15.96 16.05 16.15 16.24 16.34 16.43 16.53 16.62 16.71 16.80 
13 16.89 16.99 17.08 17.17 17.26 17.34 17.43 17.52 17.61 17.70 
14 17.79 17.87 17.96 18.04 18.13 18.22 18.30 18.38 18.47 18.55 
15 18.63 18.72 18.80 18.88 18.96 19.05 19.13 19.21 19.29 19.37 
16 19.45 19.53 19.60 19.68 19.76 18.84 19.92 19.99 20.07 20.15 
17 20.22 20.30 20.37 20.45 20.52 20.60 20.67 20.75 20.82 20.89 
18 20.97 21.04 21.11 21.19 21.26 21.33 21.40 21.47 21.54 21.61 
19 21.68 21.75 21.82 21.89 21.96 22.03 22.10 22.17 22.24 22.31 
20 22.38 22.44 22.51 22.58 22.65 22.71 22.78 22.85 22.91 22.98 
21 23.05 23.11 23.18 . . . . . . . 
Table 15: Salinities (wt.%) corresponding to measured freezing point depressions (ºC) 





The lower the FPD, the lower the concentration of NaCl, and therefore, the lower the salinity. 
The Nymagee deposit has a mode observed Tm (melting point of ice) value of -0.6ºC. This 
modal melting temperature value is highlighted in Table 15 and gives a salinity value of 1.05 
wt.% NaCl equivalent, which indicate that the majority of inclusions contain little or no other 
salts. However, lower melting temperatures, with eutectic temperatures down to -35ºC 
indicate that some inclusions had fluids with compositions similar to the H2O-NaCl-MgCl2 
system (Shepherd et al. 1985). 
 
The heating of the fluid inclusions allowed the replication of a condition similar to the 
original environment in which they were formed. Two main groups of homogenisation 
temperatures were seen; one mode being at 240ºC and the other at 360 ºC. This spread in the 
homogenisation temperatures may be the result of a change in temperature during the 
trapping process, or more likely is due to post-entrapment changes within the inclusions, like 
partial leaking.  
 
The laser Raman results have indicated that methane was a major gas found in the vapour 
bubbles of the fluid inclusions at both the Nymagee and Hera deposits. Some Cobar deposits, 
that are sediment-hosted base-metal deposits are stated as containing organic material 
(Lawrie 1999). Lawrie (1999) has suggested that mineralisation occurred when a hot, more-
oxidised, low-salinity fluid mixed with a reduced, hydrocarbon-bearing fluid derived from 
the sedimentary basin. This study has also identified high temperature, low salinity fluid 
inclusions and methane-bearing fluid inclusions associated with mineralisation at Nymagee 
and Hera which indicates that they may have formed in a similar way.  
 
4.5. Conclusions 
This study has demonstrated that fluid inclusions found at the Nymagee and Hera deposits are 
liquid rich with a dominantly methane vapour phase and minor nitrogen gas. The inclusions 
from Nymagee were found to contain a low salinity concentration of ~ 1.05 wt.% NaCl and 
have a minimum formation temperature of 240ºC. Only a few inclusions were analysed from 
the Hera deposit but these suggest it also has a minimum formation temperature of 240ºC. 









The determination of stable isotopes ratios in mineralised rocks can be a useful way of 
tracking the origin of metals and ore-bearing solutions and thus help determine the processes 
responsible for ore genesis. Stable sulfur isotope ratios vary according to the processes 
responsible for sulfide or sulphate precipitation and are particularly useful in terms of 








Pb) vary in isotopic composition as the result of radioactive decay. These 
variations provide useful information to interpret the age and origin of the lead (Doe and 
Stacey 1974; Rose et al. 1979; Hoefs 1987; Downes 2004; Downes and Seccombe 2004). 
 
The most fundamental problem in stable isotope geochemistry is that there may be more than 
one process involved in the formation and precipitation of ore minerals and various 
combinations of these processes can potentially produce the same isotopic characteristics in 
an ore deposit. Also the same geochemical process may produce entirely different isotopic 
characteristics under different conditions. Therefore isotopic data alone cannot provide a 
unique answer to any geological problem, especially when the data is limited to the isotopes 
of one element (Ohmoto 1986). 
 
This study presents the results for new sulfur isotope analysis values for the Nymagee deposit 
as well as integrating them with previous unpublished results from the Hera deposit. This 
study also presents the results for previously unpublished lead isotope values for both the 
Nymagee and Hera deposits.  
 
5.2. Sulfur Isotopes 
Sulfur is present in nearly all natural environments. It can be found as a minor component in 
igneous and metamorphic rocks occurring mostly as sulfides. It can be found in the biosphere 
and related organic substances such as crude oil and coal. It occurs in ocean water in the form 




where it is sometimes the dominant non-metal (Hoefs 1987). Sulfur isotope studies of 
hydrothermal ore deposits provide information relating to the origin of the sulfur present in 
the orebody (Ohmoto 1972) in the form of sulfides and sulfates.  
 
Sulfur has four stable isotopes with the following abundances: 
Stable Isotopes of Sulfur Abundance (%) Mass (amu) 
32
S 95.03957 31.97207 
33
S 0.74865 32.97146 
34
S 4.19719 33.96786 
36
S 0.01459 35.96708 
Table 16: Abundance and mass of the four stable isotopes of sulfur (Sharp 2007). 
 




S as they are the two most 
abundant (Sharp 2007). The ratio between these two sulfur isotopes is used in geochemistry 
and is expressed as δ
34
S (Rollinson 1993) which is reported relative to the Cañon Diablo 
Troilite (CDT) standard in the form of the equation from Sharp (2007): 
 








S) CDT         






The isotopic composition of Troilite in iron meteorites has a very restricted range, from 0.0 to 
0.6‰ and is similar to that of the bulk Earth. This makes it an ideal reference material (Sharp 
2007). 
 
The major factors which control the sulfur isotope composition in hydrothermal ore deposits 
are: 
 The proportions of oxidised and reduced sulfur species, oxygen fugacity (Kyser 1986) 
(ƒo2)  and the pH of the ore forming fluid. These may be of crucial importance when 
interpreting the δ
34
S values in hydrothermal ore deposits. An increase in pH can relate to 
an increase in δ
34
S (Ohmoto 1972; Hoefs 1987). 
 




 Temperature. This determines the fractionations between sulfur bearing minerals. There 
are two types of fractionation reactions that produce variations in the naturally occurring 
sulfur isotopes. One is a kinetic effect, during bacterial reduction of sulfate to H2S, which 
gives the largest fractionations in the sulfur cycle. This occurs at low temperatures that 
are usually below 50ºC. The second is various chemical exchange reactions, between 
sulfate and sulfides, and between sulfides themselves where there is a definite order of 
concentrating 
34
S. At higher temperatures (T>250ºC) sulfate will be reduced to H2S by 
reactions with Fe
2+
 components in rocks. This process is controlled by kinetics and may 
occur at lower temperatures. This process is an important mechanism in environments 
where circulation of ocean water through hot volcanic rocks is established (Hoefs 1987). 
The difference in fractionation between different sulfur bearing minerals at different 
temperatures can be used for sulfur isotope geothermometry (discussed below).  
 
Sulfur Isotope Reservoirs 
The source of sulfur can be traced on the basis of the isotopic composition of the total sulfur 
in an ore deposit (Hoefs 1987). This can be grouped into several categories, also known as 
reservoirs: 
 
a) Mantle derived sulfur. δ
34
S values  of -3 to 2‰ are typical of sulfur derived from 
magmatic and mantle sources (Ohmoto 1986). It has been stated that deposits with δ
34
S 
values near zero should derive their sulfur from igneous sources. This may include sulfur 
released from magmas and sulfur leached from sulfides in igneous rocks (Hoefs 1987). Other 
values commented include (Rollinson 1993): 
 MORB δ34S values of +0.3 ± 0.5‰. These values can be seen below in Figure 46 
(Rollinson 1993). 
 Granitic rocks are variable in composition and have values of -10 to +15‰ (Rollinson 
1993).  
 Island arc volcanic rocks have a wider range of δ34S values of -0.2 to +20.7‰ (Rollinson 
1993). This reflects a range of sources that may be seawater and/or magmatic derived. 
 Primitive mantle, relative to CDT has δ34S values of +0.5‰ (Rollinson 1993). 
 Long term recycling of oceanic and crustal sulfur found in metasomatized xenoliths had 
δ
34




 Continental crust has δ34S values of +7.0‰ (Rollinson 1993).  
The contamination of the above values with sulfates from the country rocks may produce 
some δ
34
S enrichment (Kyser 1986). 
 
 
Figure 46: Representation of δ
34
S values in a modern mid-ocean ridge hydrothermal vent 
system. Rollinson (1993). 
 
b) Seawater Sulfur. It is clear that seawater sulfur either as a direct or indirect path must play 
an important part in the genesis of many ore deposits (Ohmoto 1986). The δ
34
S values of 
seawater sulfur have fluctuated through time with δ
34
S values of around 11‰ to 32‰ for the 
time range of 1000 Ma to present. This range can be shortened to δ
34
S values of 15‰ to 27‰ 
for the age of 350- 450 Ma. The δ
34
S value for modern seawater values between 18.5 to 
21.0‰ (Rollinson 1993) (Hoefs 1987). The sulfur that is found in sedimentary rocks is 
considered to be recycled seawater sulfur, with sulfur being removed from the ocean by the 
precipitation of sulfate and sulfide minerals and returned to the ocean  through the erosion of 
sediments (Figure 47) (Sharp 2007). Sulfate evaporates reflect the δ
34
S isotopic composition 






S values by 1 or 2‰ (Rollinson 1993). The δ
34
S values of seawater have fluctuated 
through time.  
 
Figure 47: Box model of part of the sulfur cycle. The δ
34
S value of the ocean is a function of 
transfer to and from sulfide values. Modern values are shown. Sharp (2007). 
 
c) Deposits with δ
34
S values between 5 and 15‰ may receive their sulfur from local country 
rocks or from mixtures of mantle and seawater sulfur (Hoefs 1987). 
 
d) Deposits with large negative δ
34
S values may have received their sulfur from a strongly 
reduced sedimentary sulfur source (Rollinson 1993). 
 
Previous work interprets any deposit that contained a narrow range of δ
34
S values was 
considered to be of magmatic origin, whereas the sulfur of a deposit that had a wide range of 
δ
34




S signatures of natural sulfur isotope reservoirs has been summarised below in Figure 
48 from Rollinson (1993). The signatures of other Cobar deposits has been summarised 













The sulfur isotope values for Cobar deposits vary from +4 to +13‰ (Lawrie and Hinman 
1998). 
 
Sulfur Isotope Geothermometry 
Sulfur isotopes can be used to determine the formation temperature of the sulfides and the 
degree of equilibrium attained through sulfur isotope geothermometry (Rollinson 1993). 
 
Sulfur isotope geothermometry is based on the equilibrium sulfur isotope fractionations 
between co-existing sulfur-bearing compounds. The sulfur isotope fractionations for 
important sulfur species in sulfur bearing minerals can be seen in Figure 50. 
 
 
Figure 50: Sulfur isotope fractionations among sulfur species and hydrothermal minerals 





The larger the separation of the curves for any two minerals, the more sensitive the mineral 
pair will be as an isotopic thermometer (Rye and Ohmoto 1974). Sphalerite (or pyrrhotite) 
and galena is a good pair and gives analytical uncertainty for temperatures above 250ºC of 
±15ºC (Rye and Ohmoto 1974). 
 
The successful application of sulfur isotope geothermometry to a particular deposit depends 
on the suitability of the samples, and lack of metamorphic re-equilibrium, that had been noted 
in some deposits associated with the Lachlan Orogen (Rye and Ohmoto 1974; Downes and 
Seccombe 2004). Mineral pairs may give geologically reasonable temperatures as long as: 
 
a) The two minerals were formed in equilibrium with the ore-bearing solution (Hoefs 1987) 
which were uniform in temperature and in chemical states (Rye and Ohmoto 1974).  
b) No isotopic exchange took place between the mineral phase and a fluid phase after the 
formation of the minerals (Ohmoto 1979). 
c) Pure mineral phases were separated for isotope analysis (Ohmoto 1979).  
 
5.2.1. Analytical Methods of Sulfur Isotope Analysis 
Forty two analyses are available for the Nymagee and Hera deposits. Twenty of the analyses 
were for samples from the Nymagee deposit and carried out as part of the present study, 
whilst the remaining analyses are from an unpublished PMDCRC study for the Hera deposit 
(Downes per com). The samples for the present study were selected from zones of massive 
sulfide mineralisation in which individual sulfide species could be clearly identified. The 
Hera deposit had twenty two sulfur isotope analyses that were acquired from unpublished 
sources. Sulfides analysed include pyrite, galena, sphalerite, pyrrhotite and chalcopyrite.  
 
The samples for the present study were sent to Dr Peter Downes from the Geological Survey 
of New South Wales for sample preparation. Dr Downes commented that sulfides for the 
sulfur isotope analysis were extracted using a micro-drill with the aid of a binocular 
microscope. The contamination of mineral separates, by other sulfide phases, was minimised 




samples containing fine-grained, mixed sulfides and/or inclusions within individual grains. 
The sample purity was estimated from slabbed and polished surfaces. 
The sulfur isotope analysis procedure is outlined by (Downes et al. 2008). Sulfur isotope 
analysis was undertaken at the Nevada Stable Isotope Laboratory, University of Nevada — 
Reno, USA. Individual analyses used 40–50μg of sulfur (i.e. the equivalent of 80–100μg of 
pure pyrite or 290–360μg of pure barite). Actual samples supplied for analyses were 2 to 10 
times the minimum required for the analysis to allow for repeated analyses and analytical 
problems. The analytical procedure included the combustion of the sample in an elemental 
analyser and separation of SO2 from other gases by gas chromatography. Sulfur dioxide gas 
then entered the ion source of a mass spectrometer through a split interface. Reference gas for 
isotopic calibration was supplied from a SO2 bottle by injection into the carrier gas (helium) 
between the elemental analyser and the split interface. Within the Micromass Isoprime mass 
spectrometer, the ion currents of masses 64 and 66 were recorded over the time the gas spent 
in the source and areas underneath these peaks were integrated. A comparison to the 
corresponding peaks of a standard gas was made to determine the isotopic ratio. Each 
analysis is reported to an accuracy of ± 0.2 per mil, relative to CDT sulfide and a variety of 















5.2.2. Sulfur Isotope Results 
5.2.2.1. Nymagee Deposit 
The sulfur isotope values for sulfides at the Nymagee deposit range from 6.5‰ to 10.2‰ for 
chalcopyrite (mean 7.5‰ for eleven analyses), 6.6‰ to 7.8‰ for pyrrhotite (mean 7.1‰ for 
eight analyses) and one sphalerite value of 10.2. The sulfur values for the whole analysis 
range from 6.5‰ to 10.2‰ with a mean value of 7.5‰ from twenty analyses. 
 
The sulfur isotope results for the Nymagee deposit are displayed in Table 17 and are 
summarised below in Figure 51.     
 
                                     
 
Figure 51: Distribution of sulfur isotope values (δ
34
S‰) for sulfides from the Nymagee 
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Zone Mineral Sulfur δ
34
SVCDT (‰) 
NMD01 Nymagee NMD015W1 149 - 150 434993 6452187 55H Chalcopyrite 6.5 
NMD20 Nymagee NMD015W2 329 - 330 434993 6452187 55H Sphalerite 10.2 
NMD062 Nymagee NMD019 195.2 - 198.8 434994 6452187 55H Chalcopyrite 7.8 
NMD076 Nymagee NMD021 429.9 - 433.4 434972 6452244 55H Chalcopyrite 6.9 
NMD076 Nymagee NMD021 429.9 - 433.4 434972 6452244 55H Pyrrhotite 6.9 
NMD087 Nymagee NMD021 433.4 - 436.8 434972 6452244 55H Chalcopyrite 6.7 
NMD087 Nymagee NMD021 433.4 - 436.8 434972 6452244 55H Pyrrhotite 6.7 
NMD098 Nymagee NMD021 436.8 - 440.3 434972 6452244 55H Chalcopyrite 7.0 
NMD098 Nymagee NMD021 436.8 - 440.3 434972 6452244 55H Pyrrhotite 6.9 
NMD115 Nymagee NMD021 440.3 - 443.8 434972 6452244 55H Chalcopyrite 7.6 
NMD115 Nymagee NMD021 440.3 - 443.8 434972 6452244 55H Pyrrhotite 7.3 
NMD132 Nymagee NMD021 447.2 - 450.4 434972 6452244 55H Chalcopyrite 7.4 
NMD132 Nymagee NMD021 447.2 - 450.4 434972 6452244 55H Pyrrhotite 7.4 
NMD135 Nymagee NMD021 453.3 434972 6452244 55H Chalcopyrite 7.3 
NMD135 Nymagee NMD021 453.3 434972 6452244 55H Pyrrhotite 7.5 
NMD150 Nymagee NMD021 459.3 434972 6452244 55H Chalcopyrite 10.2 
P399 Nymagee No 8 level 3S . 434714 6452283 55H Chalcopyrite 6.8 
P399 Nymagee No 8 level 3S . 434714 6452283 55H Pyrrhotite 6.6 
P427 Nymagee No 7 level (DDH Cu7-IEW3 - 124" 4") 37.9 434728 6452248 55H Chalcopyrite 7.8 
P427 Nymagee No 7 level (DDH Cu7-IEW3 - 124" 4") 37.9 434728 6452248 55H Pyrrhotite 7.8 




5.2.2.2. Hera Deposit 
Sulfur isotope data is available from an unpublished study by Terry Mernagh and Simon van 
der Wielen for the Hera deposit. This data was generated as part of a confidential PMDCRC 
study on the Cobar Basin (van der Wielen and Korsch 2008). The sulfur isotope values for 
sulfides at the Hera deposit range from 4.4‰ to 7.4‰ for chalcopyrite (mean 5.9‰ for five 
analyses), 4.5‰ to 5.7‰ for sphalerite (mean 5.2‰ for seven analyses), 4.5‰ to 6.2‰ for 
galena (mean 5.3‰ for seven analyses), values of 6.2‰ and 6.8‰ (two analyses) and one 
value of 5.6‰ for pyrite. The sulfur values for the whole analysis range from 4.4‰ to 7.4‰ 
with a mean value of 5.5‰ from twenty two analyses. 
 
The sulfur isotope results for the Hera Deposit are displayed in Table 18 and are summarised 




Figure 52: Distribution of sulfur isotope values (δ
34
S‰) for sulfides from the Hera deposit. 
(Data sourced from Dr Terry Mernagh and Simon van der Wielen, unpublished data 
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Zone Mineral Sulfur δ
34
SVCDT (‰) 
GA20062300600001 Hera TNY037  542.4 - 542.5 436394 6447054 55H Sphalerite 5.35 
GA20062300600001 Hera TNY037  542.4 - 542.5 436394 6447054 55H Galena 5.10 
GA20062300610001 Hera TNY045  488.39 - 488.50 436394 6447054 55H Pyrite 5.61 
GA20062300620002 Hera TNY007  340.9 - 341.1 436394 6447054 55H Chalcopyrite 7.38 
GA20062300620002 Hera TNY007  340.9 - 341.1 436394 6447054 55H Pyrrhotite 6.83 
GA20062300620002 Hera TNY007  340.9 - 341.1 436394 6447054 55H Sphalerite 5.27 
GA20062300620002 Hera TNY007  340.9 - 341.1 436394 6447054 55H Galena 5.34 
GA20062300620003 Hera TNY007  344.4 - 344.6 436394 6447054 55H Chalcopyrite 5.51 
GA20062300620003 Hera TNY007  344.4 - 344.6 436394 6447054 55H Sphalerite 4.96 
GA20062300620003 Hera TNY007  344.4 - 344.6 436394 6447054 55H Galena 6.18 
GA20062300630002 Hera TNY014  245.5 - 245.8 436394 6447054 55H Sphalerite 4.54 
GA20062300630002 Hera TNY014  245.5 - 245.8 436394 6447054 55H Galena 4.53 
GA20062300660001 Hera TNY017  442.85 - 442.95 436394 6447054 55H Sphalerite 5.19 
GA20062300660001 Hera TNY017  442.85 - 442.95 436394 6447054 55H Galena 4.82 
GA20062300690001 Hera TNY021  281.5 - 281.6 436394 6447054 55H Chalcopyrite 6.09 
GA20062300690001 Hera TNY021  281.5 - 281.6 436394 6447054 55H Sphalerite 5.67 
GA20062300690001 Hera TNY021  281.5 - 281.6 436394 6447054 55H Galena 6.19 
GA20062300700001 Hera TNY054A  365.0 - 365.5 436394 6447054 55H Chalcopyrite 4.37 
GA20062300700001 Hera TNY054A  365.0 - 365.5 436394 6447054 55H Sphalerite 5.33 
GA20062300700001 Hera TNY054A  365.0 - 365.5 436394 6447054 55H Galena 4.36 
GA20062300710002 Hera TNY072  555.75 - 556.0 436394 6447054 55H Pyrrhotite 6.19 
GA20062300710002 Hera TNY072  555.75 - 556.0 436394 6447054 55H Chalcopyrite 6.23 
Table 18: Summary of sulfur isotope data for the Hera deposit (Submitted by Dr Terry Mernagh and Simon van der Wielen, unpublished data 




5.3. Lead Isotopes 
Lead isotopes can be used in geochronological and ore genesis studies (Carr et al. 1995). In 
ore genesis one of the major applications in defining the source material for the lead is with 
the use of lead isotopes (Doe and Stacey 1974).  
 








Pb. The variations in lead isotopic 









Pb and are called uranogenic leads. 
282
Th decays to form the 
radiogenic isotope 
208
Pb and is called thorogenic lead. The fourth stable lead isotope, 
204
Pb, 
has no long-lived radioactive parent (Doe 1970; Doe and Stacey 1974).  
 













Table 19: Formation of the different lead isotopes from the radioactive decay of different 
uranium and thorium isotopes. 
 
Because of these relations, the ratios of the Pb isotopes in galena or other lead-bearing ore 
and gangue minerals can provide information on the source of Pb in the material (Rose et al. 
1979). 
 
Lead isotope signatures can be used to fingerprint mineral systems and provide model ages 
for individual deposits (Downes 2004). The concept of fingerprinting suggests that if the 
isotopic concentration of a mineral prospect in a particular metallogenic domain can be 
matched with the lead isotope ratios of a known significant deposit, then there is an increased 
probability that the prospect is also a viable resource (Carr et al. 1995).  
 
Lead isotopes can be used in ore genesis of sulfide deposits. These can be broken down into a 
number of groups (Doe 1970):  
 
a) Magmatogenic ores. Ore minerals in which the isotope concentration of ore lead is the 




b) Indirect magmatogenic ores. Many ores thought to be derived in the igneous process have 
lead isotopic compositions different from the likely igneous sources of the region. In this case 
the isotopic data indicate that a large component of the ore lead is derived from sources 
outside the magma.  
 
c) Deposits of metamorphic origin in much older rocks. In order to have a good isotopic 
solution, the metamorphism must have acted upon much older rocks to allow for isotopic 
variability. The ratios may range from those expected for the time of formation of the source 
rocks to those much more radiogenic than expected for the age of metamorphism.   
 
d) Deposits of metamorphic origin in not much older sediments. Many sulfide deposits have 
formed through the metamorphism of sediments or materials not much greater in age than the 
metamorphism. The lead often has isotopic compositions approximating the normal growth 
or single stage conditions, but with model lead ages in better agreement with the age of 
metamorphism rather than of the age of sedimentation. This type of lead may be referred to 
as short-period anomalous lead. 
 
e) Lateral secretion through much older rocks. Several ore types do not have any association 
with either volcanism or metamorphism. These ores are characterised by isotope 
heterogeneity. The lead isotope data nicely fits a lateral secretion mechanism for these 
deposits, perhaps with the source of lead being the basement rocks. The ores 
characteristically are highly radiogenic with isotope ratios greater than those initially present 
in any igneous rock. Tectonic uplift is a potential mechanism for driving ore fluid movement. 
 
f) Ores possibly related to sediments of nearly equivalent age. These deposits have uniform 
lead isotope compositions which are in reasonably good agreement with the known age of 
wallrocks.  
 
g) Vein deposits of uncertain origin. Some vein deposits with uncertain origin are extremely 





h) Brines and ores possibly related to brines. The chloride-rich brines that carry great 
concentrations of heavy metals may be the ore fluid for some of the categories mentioned 
above. Lead in brine solutions may be radiogenic. 
 
The above Lead isotopes groups from Doe (1970) is now an old description and may no 
longer be fully relevant. 
 
The lead signatures of sulfide mineralisation within the Lachlan Orogen can be divided into 
those containing almost exclusively mantle-derived lead, those containing lead which has had 
a long crustal residence time, and those containing lead of mixed mantle and crust percentage 
(Carr et al. 1995). Within the Cobar Basin they can be divided into basement, early basinal or 
a mixture of the two (Lawrie and Hinman 1998). 
 
5.3.1. Analytical Methods of Lead Isotope Analysis 
Twenty-five samples were lead isotope analysed and acquired from unpublished sources. 
Fifteen of these were from the Nymagee deposit and ten were from the Hera deposit. Galena 
was the main sulfide analysed. 
 
The analytical procedures of the lead isotope analysis are outlined by (Downes et al. 2008) 
and (Downes 2004). Samples for lead isotope analysis were submitted to the CSIRO 
Exploration and Mining lead isotope laboratory at North Ryde, Sydney. After crushing, 
whole rock samples were digested using a mixed 7 N nitric + 7 N hydrochloric acid solution 
prior to ion exchange and galena separates were dissolved using concentric nitric acid. Lead 
from both sources was further purified by microelectrode deposition onto platinum 
electrodes. All samples were then analysed using a VG ISOMASS 54E solid source thermal 
ionisation mass spectrometer run in fully automatic mode. Ratios were normalised to accept 
values of international standard NBS SRM 981. Precision estimates representing two 










5.3.2. Lead Isotope Results 
5.3.2.1. Nymagee Deposit 




Pb values from 




Pb values from 0.862 to 




Pb values from 18.067 to 
18.120 with a mean of 18.094 for 15 analyses. These values are shown in Table 20. 
 
The most informative way of representing lead isotopic compositions is through ratios of a 
radiogenic isotope to the non-radiogenic isotope whose abundance does not change with time 




Pb values for the Nymagee deposit. These values ranged from 15.610 to 15.662 with a 
mean value of 15.627 for 15 analyses.  
 








Pb values can be seen below in 
Figure 53 A.  
 
2.3.2.2. Hera Deposit  




Pb values from 2.088 to 




Pb values were from 0.847 to 




Pb values from 18.096 to 
18.263 with a mean of 18.12 for 10 analyses. These values are shown in Table 21. 
 
One of the analyses (V654) is clearly regarded as an outlier or a poor result and has been 
removed from the calculations of mean values to give a more accurate result. With this datum 


















Pb values for the Hera deposit.  These 
values ranged from 15.474 to 15.632 with a mean value of 15.614 for 10 analyses. With the 













These values were then plotted against other Cobar deposits shown in Figure 53 B, modified 
































Pb data for the Nymagee and Hera deposits 
(data from Dr Terry Mernagh and D Suppel). Figure 8B shows the Nymagee and Hera lead 

















Nymagee (n= 15) and Hera (n= 10)   









Table 20: Summary of lead isotope data for the Nymagee deposit (Some submitted by D Suppel). 



























ACE 0929 Nymagee  . 434600 6452100 55H 2.1118199825 0.8630959988 18.0965995789 1400 3 
ACE 0930 Nymagee  . 434600 6452100 55H 2.1137700081 0.8639400005 18.1077003479 1250 6 
ACE 0931 Nymagee  . 434600 6452100 55H 2.1145401001 0.8643500209 18.0816001892 2050 3 
ACE 0932 Nymagee  . 434600 6452100 55H 2.1118199825 0.8630239964 18.0988998413 3450 3 
ACE 0933 Nymagee  . 434600 6452100 55H 2.1091499329 0.8621299863 18.1065998077 345 3 
ACE 0934 Nymagee  . 434600 6452100 55H 2.1132199764 0.8636450171 18.0886001587 6200 3 
ACE 0935 Nymagee  . 434600 6452100 55H 2.1161301136 0.8643530011 18.1198997498 19500 3 
ACE 0936 Nymagee  . 434600 6452100 55H 2.1112000942 0.8633000255 18.0839996338 13000 3 
ACE 0937 Nymagee  . 434600 6452100 55H 2.1126999855 0.8637999892 18.0869998932 38500 3 
ACE 0938 Nymagee . 434600 6452100 55H 2.1134200096 0.8634179831 18.1068000793 1750 3 
W323gn Nymagee  . 434600 6452100 55H 2.1133999825 0.8639900088 18.0669994354 0* 3  
NYAMAGEE Nymagee  . 434600 6452100 55H 2.1147000790 0.8641999960 18.0990009308 0 3 
















































TM10 Hera TNY037 
550.8 - 
551.3 
436280 6446870 55H 2.1133592129 0.8634994030 18.1025733948 0 0 
TM11 Hera TNY014  
245.5 - 
245.8 
436280 6446870 55H 2.1133685112 0.8634366989 18.1042289734 0 0 
TM11 
(rept.) 
Hera TNY014   
245.5 - 
245.8 
436280 6446870 55H 2.1133730412 0.8634381890 18.1033916473 0 0 
TM12 Hera TNY072  
549.9 - 
550.1 
436280 6446870 55H 2.1131615639 0.8633941412 18.1031169891 0 0 
V651 Hera PNDD2  372.3 436281 6446866 55H 2.1131742001 0.8636714816 18.0960006714 0 5 
V652gn Hera PNDD2  372.5 436281 6446866 55H 2.1141498089 0.8633626103 18.0990009308 0 3 
V653gn 
Reload 
Hera PNDD2  372.8 436281 6446866 55H 2.1131732464 0.8631870151 18.1049995422 0 1 
V654 Hera PNDD2 380.0 436281 6446866 55H 2.0883204937 0.8472868204 18.2630004883 0 9 
V655gn 
Re-ed 
Hera PNDD5  287.5 436281 6446866 55H 2.1136527061 0.8636388183 18.0990009308 0 0 




The above Pb isotope results have been plotted on the scatter plot (Carr et al. 1995) that has 
been used and modified by Downes (2004) and Downes et al (2008) using PbGraph, an in-
house CSIRO Pb isotope plotting program (Figure 54). This figure shows the signatures of 
Ordovician to Carboniferous metallogenic events of the Lachlan Orogen, as well as the 
crustal growth curve of the Lachlan Orogen (Cumming and Richards 1975). This provides a 
visual comparison of the Nymagee and Hera deposit values in relation to other deposits of the 













Pb data for the Nymagee and Hera deposits 
compared to the signatures of Ordovician to Carboniferous metallogenic events of the 
Lachlan Orogen, as well as the Lachlan Orogen crustal growth curve (dashed line). Modified 






Figure 54 shows that the majority of datum points for Nymagee and Hera plot within error 
and form a single population. This population lies adjacent to the crustal growth curve of 
Cummings and Richards (1975) and within the Silurian VHMS and Devonian granite field of 
(Carr et al. 1995). This is consistent with the lead included in these deposits being derived 
from a Silurian to Early Devonian lead model age reservoir.  
 
5.4. Interpretation of Isotope Results 
The sulfur and lead isotope distribution for the Nymagee and Hera deposits have a similar 
distribution to Cobar deposits (Stegman 2001), as shown in Figure 49  and Figure 53 B.  
 
Sulfur isotope values for sulfides in the Cobar district have been interpreted as being:  
 Sourced from the host Cobar Basin metasediments (Lawrie and Hinman 1998). 
 Sourced from within host metasedimentary Cobar Supergroup sediments (Seccombe 
1990). 
 Sourced by more than one reservoir, either directly or indirectly as basinal fluids carrying 
reduced seawater sulfate and a metamorphosed basement (Downes 2004).   
 
Lead isotope data for the Cobar district has been interpreted as:  
 Ore lead was pre-concentrated in the Cobar Basin granites and then remobilised by later 
deep seated hydrothermal fluids into the Cobar Basin sequences (Jiang 2000). However 
this is very speculative. 
 Indicating mixing of two end-member components with both basement and basinal 
components evident. The Pb-Zn, more radiogenic lead end member of the mineralisation 
spectrum appears to represent basinal derived ore fluid, whereas the Cu-Au, less 
radiogenic lead represents a basement fluid that is metamorphic dominant. Mixing of the 
two fluids gives an intermediate lead isotope signature (Lawrie and Hinman 1998) (figure 
8B). 
 The Pb-Zn mineralising fluid, indicating basinal fluid is derived from connate waters and 
was expelled from the basin in response to tectonic inversion (Lawrie 1999). 





Carr et al, has also made interpretations of the Lachlan Orogen in which signatures of 
Ordovician to Carboniferous metallogenic events of the Lachlan Orogen have been shown in 
Figure 54. This interprets the Nymagee and Hera deposits to match Lachlan Orogen 
signatures of a Silurian VHMS and Devonian granite. 
 
The following interpretations of the present study can be outlined:  
The source of the sulfur for the Nymagee and Hera deposits is equivocal with each deposit 
having a distinct signature. It is suggested that the sulfur included in sulfides for each deposit 
reflects separate reservoirs. Some of the sulfur for Hera may have been sourced from a 
magmatic reservoir – possibly from the nearby granitic rocks – in addition to sulfur derived 
from reduced seawater sulfate source such as the marine sequences of the Cobar Basin. 
Whereas the data for Nymagee is significantly heavier and indicates that the majority of 
sulfur included in this deposit was sourced from a reduced seawater sulfate reservoir.  
 
Sulfur isotope geothermometry could only be undertaken for the sphalerite-galena pairs from 
the Hera deposit. These pairs indicated temperatures greater than 500ºC with the majority of 
pairs indicating temperatures higher than 600ºC. However one pyrrhotite-galena pair 
indicated a temperature between 400-500ºC. This contrasts with fluid inclusion temperatures 
which resulted with a mode minimum formation temperature of 240ºC and some 
temperatures as high as 360ºC. The temperatures are also not consistent with petrographic 
formation temperatures of 350ºC - 400ºC. This indicates that the system was not in isotopic 
equilibrium or has possibly been reset by later events. 
 
The source of lead for the Nymagee and Hera deposits lay close to the Lachlan Orogen 
crustal growth curve which suggests that the lead has a crustal source. The lead was derived 
from a Silurian to Early Devonian (~ 400- 440 Ma) lead reservoir that is consistent with 
being derived from the host sequence. The signatures also plot within the Silurian VHMS and 
Devonian granite field as indicated by (Carr et al. 1995) Figure 54.  
 
The source of lead can be interpreted as being a mixture of basement and basinal derived ore 






On the basis of new and previous sulfur and lead isotope values for mineralisation of the 
Nymagee and Hera deposit the data is consistent with sulfur and lead being sourced from the 
host metasedimentary sequences. 
 
The source of the sulfur for the Nymagee and Hera deposits each has a distinct signature. It is 
suggested that the sulfur for the Hera deposit has been sourced from a magmatic reservoir, in 
addition to sulfur derived from a reduced seawater sulfate. The data for the Nymagee deposit 
is significantly heavier than the Hera deposit and indicates that the majority of sulfur was 
sourced from a reduced seawater sulfate reservoir. The host may be from marine sequences 
of the Cobar Basin. 
 
The source of lead for the Nymagee and Hera deposits was derived from a Silurian to Early 
Devonian (~ 400- 440 Ma) lead reservoir that is consistent with being derived from the host 
sequence. 
 
A temperature of 400ºC to greater than 600ºC has been given for the Hera deposit with the 
use of sulfur isotope geothermometry. However this temperature is not consistent with fluid 
inclusion results of ~240 to 360ºC and indicates that the system was not in isotopic 
















Zn-Pb-Ag mineral deposits are the products of hydrothermal ore-forming systems (Huston et 
al. 2006). A characteristic feature of many hydrothermal ore deposits is the zoning of metals 
and minerals. Zoning can be observed at many different scales, and can be at a regional scale, 
a district scale and even at an individual ore deposit small scale (Robb 2005). 
 
Metals will precipitate out of a high temperature hydrothermal solution in the following 
order: with the early precipitation (or at deeper levels) of Mo, W, and Sn,  followed by Cu 
and then Zn, Pb, Mn and then Ag as the fluid infiltrates upwards in the crust to form 
mesothermal solutions. The precious and volatile metals such as Au are observed to represent 
the latest stage of the sequence, forming from cooler epithermal solutions circulating near the 
surface. This order may be related to the decline of solubility of a solution that generally 
accompanies temperature decrease (Robb 2005) (Figure 55). 
 
 
Figure 55:  Plot of temperature versus Cu, Pb, Zn and Au solubilities appropriate to fluid 





Metal zoning is recognised at a regional scale on the eastern side of the Cobar Basin. There is 
Au-Cu, Cu with minor Au, and Au-Cu-Pb-Zn deposits in the south, shifting progressively 
northwards to Cu-Zn-Pb-Ag, then Ag-Pb-Zn-(Cu) deposits. There is an overall trend of less 
Cu-Au northwards (Glen 1987; Lawrie and Hinman 1998). 
 
Sphalerite is one of the main minerals to contain zinc and is commonly associated with at 
least one other sulfide mineral, which is usually galena (Pb), pyrrhotite, and chalcopyrite (Cu) 




















6.2. Assay Data generated by YTC Resources Limited 
6.2.1. Analytical Methods of Generating Assay Data 
Assay data was acquired for the Nymagee and Hera deposits from YTC Resources Limited 
(YTC). This was used to determine if any relationships exist between various metals by 
applying multivariate correlation plots to the standard suite of elements assayed during 
resource assessment by YTC. This was undertaken with the use of the statistics program JMP 




The assay analysis was completed at the ALS laboratory in Orange. Sample preparation 
involves crushing and pulverising at the lab with standards and blanks inserted as required. 
Samples from the Nymagee deposit are duplicated after crushing on a regular basis. Samples 
from Hera however are not duplicated owing to the highly variable nature of the gold. All Ag, 
As, Cu, Pb, Zn, S and Fe assays for both deposits is completed by the ME-ICP41 method. 
However for samples where Cu, Pb, Zn are of ore grade, which is >1.0%, the samples are re-
assayed by the OG46 method. The S values are also redone by this method. All the Au 
assaying for the Nymagee deposit is undertaken by aqua regia digest AA25 method. Au 
assaying from the Hera deposit is initially undertaken by this method unless there is visible 
Au. In that case it is automatically assayed via the screen fire assay method. Hera aqua regia 
digest AA25 values >0.5 are also re-assayed by screen fire. 
 
6.2.2. Geochemical Correlations from Assay Data 
Nine elements were selected for multivariate correlation analysis and included Au, Ag, Cd, 
Co, Cu, Fe, Pb, S, Zn. These elements were selected based on being relevant to the Nymagee 
and Hera deposits as well as containing a large supply of data to help allow more accurate 
correlations. The nine elements analysed were graphed against each other which can be seen 
in Figure 56 and Figure 57. The resulting correlations are given as R
2 
values and can be seen 







6.2.2.1 Nymagee Deposit Assay Correlations 
The multivariate correlation values for the Nymagee deposit have come from 1505 samples 
and give a reliability of 0.8780 using Cronbach‘s α standardised method. The multivariate 
plot can be seen in Figure 56 and the R
2














The multivariate correlation R
2 
























Au ppm   0.3801 0.1390 0.3418 0.3548 0.4616 0.1498 0.4241 0.1413 
Ag ppm 0.3801   0.7776 0.3354 0.5091 0.4249 0.7882 0.7079 0.7650 
Cd ppm 0.1390 0.7776   -0.0180 0.0179 0.0830 0.9836 0.4490 0.9860 
Co ppm 0.3418 0.3354 -0.0180   0.6820 0.8289 -0.0236 0.7533 0.0053 
Cu ppm 0.3548 0.5091 0.0179 0.6820   0.6330 0.0130 0.6250 0.0251 
Fe % 0.4616 0.4249 0.0830 0.8289 0.6330   0.0814 0.8338 0.0931 
Pb ppm 0.1498 0.7882 0.9836 -0.0236 0.0130 0.0814   0.4495 0.9854 
S % 0.4241 0.7079 0.4490 0.7533 0.6250 0.8338 0.4495   0.4626 
Zn ppm 0.1413 0.7650 0.9860 0.0053 0.0251 0.0931 0.9854 0.4626   
Table 22: R
2
 values of the elements multivariate correlations for the Nymagee deposit. 
 
From the above figure and table it can be seen that the element pairs to have the strongest 
correlation for the Nymagee deposit are Cd-Zn with a R
2
 value of 0.9860, Pb-Zn (0.9854), 
Cd-Pb (0.9836), Fe-S (0.8338) and Co-Fe (0.8289). Other element pairs with strong 
correlations include Ag-Co (0.7776), Ag-Zn (0.7650), Co-S (0.7533), Ag-S (0.7079), Cu-Fe 





















6.2.2.2. Hera Deposit Assay Correlations 
The multivariate correlation values for the Hera deposit have come from 1012 samples and 
give a reliability of 0.9018 using Cronbach‘s α standardised method. The multivariate plot 
can be seen in Figure 57 and the R
2














The multivariate correlation R
2 























Au ppm   0.6543 0.6028 0.1078 0.4918 0.3086 0.6284 0.5554 0.5956 
Ag ppm 0.6543   0.6432 0.1123 0.5928 0.3007 0.7582 0.6027 0.6186 
Cd ppm 0.6028 0.6432   0.0932 0.3989 0.3206 0.8626 0.8183 0.9898 
Co ppm 0.1078 0.1123 0.0932   0.2684 0.5193 0.1798 0.2463 0.0884 
Cu ppm 0.4918 0.5928 0.3989 0.2684   0.4870 0.5225 0.5799 0.3892 
Fe % 0.3086 0.3007 0.3206 0.5193 0.4870   0.4617 0.6160 0.3223 
Pb ppm 0.6284 0.7582 0.8626 0.1798 0.5225 0.4617   0.7720 0.8384 
S % 0.5554 0.6027 0.8183 0.2463 0.5799 0.6160 0.7720   0.8330 
Zn ppm 0.5956 0.6186 0.9898 0.0844 0.3892 0.3223 0.8384 0.8330   
Table 23: R
2
 values of the elements multivariate correlations for the Hera deposit. 
 
From the above figure and table it can be seen that the element pairs to have the strongest 
correlation for the Hera deposit are Cd-Zn with a R
2
 value of 0.9898, Cd-Pb (0.8626), Pb-Zn 
(0.8384), S- Zn (0.8330), Co-Fe (0.8289) and Cd-S (0.8183). Other element pairs with strong 
correlations include Pb-S (0.7720), Ag-Pb (0.7582), Au-Ag (0.6543), Ag-Cd (0.6432) and 
Au-Pb (0.6284). 
 
6.2.2.3. Differences of Correlation between the Nymagee and Hera Deposits 
Differences in the two deposits can come from Au correlations, with the Hera deposit having 
stronger correlations with Ag, Pb and Cd. The Nymagee deposit has low Au correlations. 
Differences in Ag correlations is the two deposits with the Hera deposit having strong values 
with Pb, Au and Cd, whereas the Nymagee deposit only has a strong correlation with Pb, Co, 
Zn and S in the Nymagee deposit. 
 
Similarities between the two deposits are strong correlations between Cd-Zn, Co-Fe, Cd-Pb 
and Ag-Pb. Cd has a strong correlation with Ag, Pb and Zn. Pb-Zn correlations are strong in 
both deposits, with the Nymagee deposit having a stronger correlation than the Hera deposit 







6.2.3. Individual Element Geochemical Data  
The assay data for the nine elements for the two deposits were also analysed individually. 
This was done to help show the differences in the total amount of individual minerals 
between the two deposits. This can be seen in Table 24 and Table 25. 
 









Sum Minimum Maximum 
Au ppm 8041 0.0111 0.07 89.186 -0.0100 2.2800 
Ag ppm 8165 2.3854 8.0203 19477 -1.0000 347.000 
Cd ppm 1504 3.9142 32.6895 5886.92 -0.5000 568.000 
Co ppm 2767 24.4707 26.7126 67710.5 1.0000 363.000 
Cu ppm 8450 3339.09 9412.49 28200000 -500.00 165500 
Fe pct 7464 6.9041 5.4305 51532.5 0.6100 56.4100 
Pb ppm 8406 760.278 6177.2 6390894 -5.0000 175000 
S pct 7956 0.9034 2.1505 7187.19 -0.0100 32.0000 
Zn ppm 8397 1526.49 11197.7 12800000 -100.00 330000 
Table 24: Individual statistics of the elements for the Nymagee deposit in parts per million 
(ppm) and percent (pct). 
 
The individual element results for Nymagee show that the deposit is Cu-rich. This is seen 
with Cu having the highest mean value in ppm with a value of 3339.09 ppm for 1505 
samples. Zn has the second largest mean value with 1526.49 ppm and Pb being third having a 





















Sum Minimum Maximum 
Au ppm 25399 0.3543 6.9076 89999.93 -10.000 574.000 
Ag ppm 26299 2.0200 11.2222 53124.4 -1.0000 723.000 
Cd ppm 1839 17.3879 84.1195 31976.3 -1.0000 1195.00 
Co ppm 11827 11.8789 14.1123 140491 -5.0000 601.000 
Cu ppm 26299 224.016 1430.75 5891394 -5.0000 75800.0 
Fe % 12773 3.3457 1.4525 42734.2 -0.0100 87.0000 
Pb ppm 26299 3010.26 14272.0 79200000 -5.0000 358000 
S % 17396 0.7007 1.5152 12188.8 -0.0100 27.6000 
Zn ppm 26299 4091.52 17597.1 108000000 -5.0000 428000 
Table 25: Individual statistics of the elements for the Hera deposit in ppm and pct. 
 
The individual element results for Hera show that the deposit is Pb- Zn-rich. This can be seen 
with Zn having a mean value of 4091.52 ppm and Pb having a mean value of 3010.26 ppm 

















6.3. X-ray Fluorescence  
X-ray fluorescence (XRF) analysis of trace elements was undertaken on samples from both 
the Nymagee and Hera deposits. The main purpose of the XRF analysis was to assist with the 
XRD interpretation on the selected samples for the two deposits. However it also provides 
geochemical data to comment on. The full results of the XRF trace element analysis can be 
seen in Appendix Six. The main five trace element results have been selected and are shown 
in Table 27 and Figure 58. 
 
6.3.1. Analytical Methods of XRF  
XRF trace element analysis was undertaken on eleven samples (Table 26). Nine of these are 
from the Nymagee deposit and two are from the Hera deposit. These same eleven samples 
were also analysed via XRD analysis, as described in Chapter three.  The samples were first 
crushed into powder using a chrome TEMA mill and then made into pressed pellets. This was 
done by mixing 5 grams of powder with a PVC binder and then being pressed into an 
aluminium cup at 250 bars. The pressed pellets were then dried in the oven at 67ºC and left 
over night. The XRF analysis was undertaken at the University of Wollongong with a 
SPECTRO XEPOS energy dispersive polarisation X-ray spectrometer machine with a 50 
Watt Pd end-window tube for excitation.  The machine is calibrated with a wide range of 
natural and synthetic standards and utilises a range of polarisation and secondary targets to 







Number Hole ID Metres (m) 
Thin-section 
Reference 
1 Hons644 NMD23 NMD015W2, T14 331.0 – 332.0 24 
2 Hons645 NMD18 NMD015W2, T13 327.0 – 328.0 23 
3 Hons646 NMD32 NMD015W2, T15 337.2 20 
4 Hons647 HRD027 HRD026, T84 291.0 – 292.0 21 
5 Hons648 NMD15 NMD015 W1, T40 306.6 – 309.6 18 
6 Hons649 NMD091 NMD021, T136 433.4 – 436.8 14 
7 Hons650 HRD031 HRD026, T84 295.0 – 296.0 13 
8 Hons651 NMD10 NMD015W1, T39 302.0 – 303.6 . 
9 Hons652 NMD13 NMD015W1, T40 303.6 – 306.6 . 
10 Hons653 NMD140 NMD021, T142 453.7 – 457.4 . 
11 Hons654 NMD146 NMD021, T142 453.7 – 457.4 . 




6.3.2. XRF Results 
The full table of results can be seen in Appendix Six. From the results five of the main trace 
elements which include: Co, Cu, Zn, As, and Pb have been shown (Table 27) and graphed 
(Figure 58) with the results of each sample being normalised individually to give a 
percentage value found in each sample.  
 
 
Figure 58: XRF histogram showing the proportion of the five selected trace elements for the 
two deposits. The percentage is normalised per individual sample. NMD stands for Nymagee 
and HRD samples. 
 
From the above figure it can be seen that Cu and Zn play a major part in the nine selected 
samples from the Nymagee deposit. Pb has a major role, but is not as significant as the other 
two minerals. There is also some minor Co and As found. It can also be seen that Zn and Pb 
play a major part in the two selected samples from the Hera deposit. There is also some minor 
Cu, Co and As found.  
 





















These results from selected samples agree with the individual element assay results above 
that state that the Nymagee deposit is more Cu dominant with major Zn and lesser Pb values, 





Sample Details  Element S Co Cu Zn As Pb 
Sample Number Dimension ppm ppm ppm ppm ppm ppm 
NMD23 HONS644 12600 < 3.0 254 24010 < 0.5 15380 
                
NMD18 HONS645 46500 < 3.0 2087 86280 < 0.5 47130 
                
NMD32 HONS646 130.4 20 4 345 2 52 
                
HRD027 HONS647 13840 14 14 92 8 53 
                
NMD15 HONS648 49160 < 3.0 782 178 < 0.5 339 
                
NMD091 HONS649 154400 < 43 822 71 17 55 
                
HRD031 HONS650 627 < 3.0 4 215 2 2 
                
NMD10 HONS651 50880 242 23030 1208 < 0.5 27 
                
NMD13 HONS652 155500 < 67 16130 607 < 0.5 1084 
                
NMD140 HONS653 193000 172 13500 630 < 0.5 < 1.0 
                
NMD146 HONS654 948 15 28 151 8 3 
                
Table 27: Summary table of the XRF trace element analysis for the two deposits. NMD stands for samples from the Nymagee deposit and HRD 





The Nymagee deposit is Cu-rich and the Hera deposit is Pb- Zn-rich. This may indicate that 
there is metal zoning feature between the two deposits that are located only 5 km from each 
other. This would result from Cu being precipitated out first, at a higher temperature, and 
would indicate that the Nymagee deposit is located closer to the source of the hot 
hydrothermal fluids. Pb-Zn would be precipitated out next at lower temperatures and 
indicates that the Hera deposit is located further away from the source of the hydrothermal 
fluids. The Hera deposit also has more Au than the Nymagee deposit as Au is less soluble for 
low temperatures associated with Pb-Zn mineralisation (Figure 55). This may mean that there 
is possible potential for further Cu-Au discoveries further north of Nymagee if the 
temperature zonation continues along strike from Hera (Figure 55). 
 
6.5. Conclusion 
The Nymagee deposit is Cu-rich with minor Pb-Zn. The Hera deposit is Pb-Zn rich with 
minor Cu. This interprets that a metal zoning feature is present between the two deposits and 
would interpret the Nymagee deposit to be formed at a higher temperature than the Hera 
deposit.  
 
Many strong correlations between different elements exists for the two deposits, with the 
strongest correlations being between Cd-Zn, Pb-Zn, Cd-Pb, Co-Fe, Ag-Pb-Zn. The Hera 
deposit has strong correlations with Au and Pb and Zn. The Nymagee deposit had no strong 






















The quartz-rich turbidites have been metamorphosed to upper greenschist to lower 
amphibolite faces as evident by the common occurrence of metamorphic muscovite, biotite, 
chlorite and amphibole that define a strong foliation. 
 
The Nymagee Cu mineralisation is characterised by the presence of pyrrhotite, chalcopyrite, 
cubanite, and sphalerite assemblages that are associated with strong biotite, chlorite and 
muscovite alteration. The Hera Pb-Zn mineralisation is characterised by sphalerite, galena 
and pyrrhotite with alteration seen as sericite, muscovite and biotite. The HyLogger has 
detected amphiboles in samples from both deposits in the form of actinolite tremolite and 
hornblende. Other similar minerals detected include muscovite, phengite, chlorites, both Fe 
and Mg, and phlogopite. The HyLogger detected biotite and talc within the Nymagee samples 
which agree with the XRD results. 
 
The formation temperature of the deposits was determined using chlorite geothermometry, 
fluid inclusion microthermometry and sulfur isotope geothermometry techniques. The 
Nymagee deposit gave chlorite temperatures between 292°C- 394°C, with an average 
temperature of 335°C and the Hera deposit provided chlorite temperatures between 270°C - 
365°C, with an average temperature of 319°C. Fluid inclusion microthermometry analysis 
resulted with temperatures between 240°C- 360°C for Nymagee, with the minimum 
formation temperature resulting as 240°C while fluid inclusion data could not be obtained for 
the Hera ores. Sulfur isotope geothermometry analysis of sulfide pairs (galena- pyrrhotite) 
from the Hera deposit resulted in a temperature of 400ºC to greater than 600ºC. However this 
temperature does not agree with the other temperature techniques and indicates that the 
system was not in isotopic equilibrium or had possibly been reset by later events. 
 
The composition of the ore forming fluids at the Nymagee and Hera deposits was determined 
with the use of fluid inclusions. The fluid inclusions contained a vapour phase dominantly of 
methane and minor nitrogen gas and inclusions from the Nymagee deposit were found to 




The source of the mineralisation was constrained with the use of sulfur and lead isotope 
analysis. The source of the sulfur for the Nymagee and Hera deposits each has a distinct 
signature. It is suggested that the sulfur for the Hera deposit has been sourced from a 
magmatic reservoir, in addition to sulfur derived from a reduced seawater sulfate. The data 
for the Nymagee deposit is significantly heavier than the Hera deposit and indicates that the 
majority of sulfur was sourced from a reduced seawater sulfate reservoir. The host may be 
from marine sequences of the Cobar Basin. The source of lead for the Nymagee and Hera 
deposits was derived from a Silurian to Early Devonian (~ 400- 440 Ma) lead reservoir that is 
consistent with being derived from the host sequence. With this in mind it was concluded that 
the sulfur and lead has been sourced from the host metasedimentary sequences, but with a 
possible magmatic input. 
 
Many strong correlations between different elements exists for the two deposits, with the 
strongest correlations being between Cd-Zn, Pb-Zn, Cd-Pb, Co-Fe, Ag-Pb-Zn. The Hera 
deposit has strong correlations with Au and Pb and Zn and the Nymagee deposit had no 
strong correlations with Au. There appears to be metal zonation between the Nymagee Cu-
rich and the Hera Pb-Zn-Au rich ore to the south. The Nymagee deposit is Cu-rich with 
minor Pb-Zn, and the Hera deposit is Pb-Zn rich with minor Cu. This metal zonation between 
the two deposits is thought to be related to temperature gradients of the mineralising 
hydrothermal fluids that were focussed along the shear zone that connects the two deposits. 
This would indicate that the Nymagee deposit is formed at a higher temperature than the Hera 
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ID Hole Number Metres (m) 
Tray 
Number  Type of Sample Comments  
1 NMD01 NMD015 W1 149 - 150 4 Half Core Massive chalcopyrite  
2 NMD02 NMD015 W1 
186.6 - 189.6 
(187)  13 Quarter Core Black fine grained 
3 NMD03 NMD015 W1 
186.6 - 189.6 
(188) 13 Quarter Core 
Black fine grained (small chalcopyrite 
lenses) 
4 NMD04 NMD015 W1 192.6 - 195.6 15 Quarter Core Black fine grained 
5 NMD05 NMD015 W1 207.6 - 210.6 18 Quarter Core Black fine grained 
6 NMD06 NMD015 W1 216.4 - 219.5 20 Quarter Core Black fine grained 
7 NMD07 NMD015 W1 243.6 - 246.6 26 Quarter Core Fine grey/ black 
8 NMD08 NMD015 W1 261.1 - 264.2 30 Quarter Core Fine grey/ black 
9 NMD09 NMD015 W1 294.6 37 Quarter Core Fine grey/ black 
10 NMD10 NMD015 W1 
302.0 - 303.6 
(303.2) 39 Quarter Core 
Highly siliceous (quartz), some 
mineralisation 
11 NMD11 NMD015 W1 
302.0 - 303.6 
(303.6) 39 Quarter Core Ore zone (non-magnetic) 
12 NMD12 NMD015 W1 
303.6 - 306.6 
(303) 40 Quarter Core Ore zone (high magnetism) 
13 NMD13 NMD015 W1 
303.6 - 306.6 
(305) 40 Quarter Core Ore zone (high magnetism) 
14 NMD14 NMD015 W1 
303.6 - 306.6 
(306) 40 Quarter Core Ore zone (high magnetism) 
15 NMD15 NMD015 W1 306.6 - 309.6 40 Quarter Core 
Ore zone (high magnetism). Possible 
biotite 
16 NMD16 NMD015 W1 306.6 - 309.6 41 Quarter Core 





              
17 NMD17 NMD015W2 326 - 327 13 Quarter Core Brecciated unit 
18 NMD18 NMD015W2 327 - 328 13 Quarter Core Brecciated unit 
19 NMD19 NMD015W2 328 - 329 13 Quarter Core Brecciated unit 
20 NMD20 NMD015W2 329 - 330 13 Quarter Core Brecciated unit, red sphalerite at end 
21 NMD21 NMD015W2 330 - 331 (330) 13 Quarter Core Brecciated unit, red sphalerite throughout 
22 NMD22 NMD015W2 330.6 - 331 14 Quarter Core Brecciated unit, some silica 
23 NMD23 NMD015W2 331 - 332 14 Quarter Core Brecciated unit, green spots throughout 
24 NMD24 NMD015W2 335 14 Quarter Core Black unit, chlorite 
25 NMD25 NMD015W2 335 - 336 (335.6) 15 Quarter Core Black unit, chlorite 
26 NMD26 NMD015W2 336.4 15 Quarter Core 
Black unit, chlorite, white squiggle 
within 
27 NMD27 NMD015W2 340 16 Quarter Core Black unit, chlorite, more fine grained 
28 NMD28 NMD015W2 341 16 Quarter Core Black unit, chlorite, more fine grained 
29 NMD29 NMD015W2 342 16 Quarter Core 
Black unit, chlorite, more fine grained, 
spots throughout 
30 NMD30 NMD015W2 343.4 16 Quarter Core Black unit, chlorite, more fine grained 
31 NMD31 NMD015W2 389 - 390 27 Quarter Core Black unit, chlorite, more fine grained 
32 NMD32 NMD015W2 337.2 15 Quarter Core Brecciated unit, green spots throughout 
33 NMD33 NMD015W2 338.6 15 Quarter Core 
Black unit, chlorite, white squiggle 
within 




35 NMD35 NMD015W2 342.8 16 Quarter Core 
Black unit, chlorite, white squiggle 
within 
              
36 NMD036 Surface . 
Nymagee 
Copper Mine Hand Sample 
Gossan from Nymagee copper mine 
(black surface) 
37 NMD037 Surface . 
Nymagee 
Copper Mine Hand Sample 
Gossan from Nymagee copper mine 
(Malachite staining) 
38 NMD038 Surface . 
Nymagee 
Copper Mine Hand Sample 
Gossan from Nymagee copper mine 
(weathering profile) 
39 NMD039 Surface . 
Nymagee 
Copper Mine Hand Sample 
Gossan from Nymagee copper mine 
(massive) 
40 NMD040 Surface . 
Nymagee 
Copper Mine Hand Sample 
Malachite from Nymagee copper mine 
(massive) 
41 NMD040b Surface . 
Nymagee 
Copper Mine Hand Sample 
Malachite from Nymagee copper mine 
(massive) 
              
42 HRD01 HRD032W1 571 78 Quarter Core Sphalerite (red + brown (light/ darker)) 
43 HRD02 HRD032W1 571 78 Quarter Core Sphalerite (red + brown (light/ darker)) 
44 HRD03 HRD032W1 572 78 Quarter Core Sphalerite (red + brown (light/ darker)) 
45 HRD04 HRD032W1 572 78 Quarter Core Sphalerite (red + brown (light/ darker)) 
46 HRD05 HRD032W1 573 78 Quarter Core Sphalerite (red + brown (light/ darker)) 
47 HRD06 HRD032W1 573 78 Quarter Core Sphalerite (red + brown (light/ darker)) 
48 HRD07 HRD032W1 574 78 Quarter Core Sphalerite (red + brown (light/ darker)) 
              




50 HRD09 Surface .  Nymagee Hill Hand Sample Highly siliceous material 
51 HRD10 Surface .  Nymagee Hill Hand Sample Highly siliceous material 
52 HRD11 Surface .  Nymagee Hill Hand Sample Highly siliceous material 
53 HRD12 Surface  . Nymagee Hill Hand Sample Sample with quartz vein through centre 
54 HRD13 Surface  . Nymagee Hill Hand Sample Siliceous material 
55 HRD14 Surface  . Nymagee Hill Hand Sample Black Gossanous appearance  
56 HRD15 Surface  . Nymagee Hill Hand Sample Quartz vein 
57 HRD16 Surface  . Nymagee Hill Hand Sample 
Siliceous red sample picked off road 
(everywhere) 
              
58 HRD017 HRD032 512 154 Quarter Core 
Ore Zone. High in galena, chalcopyrite 
and pyrrhotite 
59 HRD018 HRD032 514 155 Quarter Core 
Ore Zone. High in galena, chalcopyrite 
and pyrrhotite 
              
60 HRD019 HRD033W1 228 78 Half Core Turbidite samples 
61 HRD020 HRD033W1 228 78 Half Core Turbidite samples 
62 HRD021 HRD033W1 230 78 Half Core Turbidite samples 
63 HRD022 HRD033W1 230 78 Half Core Turbidite samples 
              
64 NMD041 NMD013W2 156 - 157 1 Half Core Turbidite samples 
65 NMD042 NMD013W2 156 - 157 1 Half Core Turbidite samples 




              
67 NMD044 NMD019 171 - 174 57 Quarter Core Turbidite samples 
68 NMD045 NMD019 171 - 174 57 Quarter Core Turbidite samples 
69 NMD046 NMD019 171 - 174 57 Quarter Core Turbidite samples 
70 NMD047 NMD019 175 - 177 58 Quarter Core Turbidite samples 
71 NMD048 NMD019 175 - 177 58 Quarter Core Turbidite samples 
72 NMD049 NMD019 175 - 177 58 Quarter Core Turbidite samples 
73 NMD050 NMD019 175 - 177 58 Quarter Core Turbidite samples 
74 NMD051 NMD019 175 - 177 58 Quarter Core Turbidite samples 
75 NMD052 NMD019 175 - 177 58 Quarter Core Turbidite samples 
76 NMD053 NMD019 178 - 181 59 Quarter Core Turbidite samples 
77 NMD054 NMD019 178 - 181 59 Quarter Core Turbidite samples 
78 NMD055 NMD019 178 - 181 59 Quarter Core Turbidite samples 
79 NMD056 NMD019 178 - 181 59 Quarter Core Turbidite samples 
80 NMD057 NMD019  188.2 – 191.8 62 Quarter Core Turbidite samples 
81 NMD058 NMD019  188.2 – 191.8 62 Quarter Core Turbidite samples 
82 NMD059 NMD019  188.2 – 191.8 62 Quarter Core Turbidite samples 
83 NMD060 NMD019  191.8 – 195.2 63 Quarter Core Turbidite samples 
84 NMD061 NMD019  191.8 – 195.2 63 Quarter Core 
Turbidite samples with chalcopyrite cross 
cutting 
85 NMD062 NMD019  191.8 – 195.2 63 Quarter Core 





86 NMD063 NMD019  195.2 – 198.8 64 Half Core 
Turbidite samples with chalcopyrite cross 
cutting both fines and coarse grains 
87 NMD064 NMD019  195.2 – 198.8 64 Quarter Core Turbidite samples 
88 NMD065 NMD019  195.2 – 198.8 64 Quarter Core Turbidite samples 
              
89 NMD066 NMD021 429.9 – 433.4  135 Eighth Core Start of ore zone 
90 NMD067 NMD021  429.9 – 433.4  135 Eighth Core Start of ore zone 
91 NMD068 NMD021 429.9 – 433.4   135 Eighth Core Start of ore zone, some biotite 
92 NMD069 NMD021  429.9 – 433.4  135 Eighth Core Start of ore zone 
93 NMD070 NMD021  429.9 – 433.4  135 Eighth Core Start of ore zone 
94 NMD071 NMD021  429.9 – 433.4  135 Eighth Core Start of ore zone 
95 NMD072 NMD021  429.9 – 433.4  135 Eighth Core Start of ore zone 
96 NMD073 NMD021  429.9 – 433.4  135 Eighth Core Start of ore zone 
97 NMD074 NMD021  429.9 – 433.4  135 Eighth Core Start of ore zone 
98 NMD075 NMD021  429.9 – 433.4  135 Eighth Core Start of ore zone 
99 NMD076 NMD021  429.9 – 433.4  135 Eighth Core Start of ore zone 
100 NMD077 NMD021 429.9 – 433.4  135 Eighth Core Start of ore zone 
101 NMD078 NMD021  429.9 – 433.4  135 Eighth Core Start of ore zone 
102 NMD079 NMD021 429.9 – 433.4  135 Eighth Core Start of ore zone 
103 NMD080 NMD021 429.9 – 433.4  135 Eighth Core Start of ore zone 




105 NMD082 NMD021 429.9 – 433.4  135 Eighth Core Start of ore zone 
106 NMD083 NMD021 429.9 – 433.4  135 Eighth Core Start of ore zone 
107 NMD084 NMD021 433.4 – 436.8 136 Eighth Core Start of ore zone 
108 NMD085 NMD021 433.4 – 436.8 136 Eighth Core Start of ore zone 
109 NMD086 NMD021 433.4 – 436.8 136 Eighth Core Start of ore zone 
110 NMD087 NMD021 433.4 – 436.8 136 Eighth Core Highly magnetised 
111 NMD088 NMD021 433.4 – 436.8 136 Eighth Core Highly magnetised. Lots of green chlorite 
112 NMD089 NMD021 433.4 – 436.8 136 Eighth Core Highly magnetised 
113 NMD090 NMD021 433.4 – 436.8 136 Eighth Core Some ore 
114 NMD091 NMD021 433.4 – 436.8 136 Eighth Core Some ore 
115 NMD092 NMD021 433.4 – 436.8 136 Eighth Core Some ore 
116 NMD093 NMD021 436.8 – 440.3 137 Eighth Core Some ore 
117 NMD094 NMD021 436.8 – 440.3 137 Eighth Core Some ore 
118 NMD095 NMD021 436.8 – 440.3 137 Eighth Core Some ore 
119 NMD096 NMD021 436.8 – 440.3 137 Eighth Core Some ore 
120 NMD097 NMD021 436.8 – 440.3 137 Eighth Core Some ore 
121 NMD098 NMD021 436.8 – 440.3 137 Eighth Core Some ore 
122 NMD099 NMD021 436.8 – 440.3 137 Quarter Core Some ore associated with quartz 
123 NMD100 NMD021 436.8 – 440.3 137 Quarter Core Some ore associated with quartz 
124 NMD101 NMD021 436.8 – 440.3 137 Quarter Core Some ore associated with quartz 




126 NMD103 NMD021 436.8 – 440.3 137 Quarter Core Some ore associated with quartz 
127 NMD104 NMD021 436.8 – 440.3 137 Quarter Core Some ore associated with quartz 
128 NMD105 NMD021 436.8 – 440.3 137 Quarter Core Some ore associated with quartz 
129 NMD106 NMD021 436.8 – 440.3 137 Quarter Core Some ore associated with quartz 
130 NMD107 NMD021 436.8 – 440.3 137 Quarter Core Some ore associated with quartz 
131 NMD108 NMD021 436.8 – 440.3 137 Quarter Core Some ore associated with quartz 
132 NMD109 NMD021 440.3 – 443.8 138 Eighth Core Disseminated ore 
133 NMD110 NMD021 440.3 – 443.8 138 Quarter Core Disseminated ore 
134 NMD111 NMD021 440.3 – 443.8 138 Quarter Core Disseminated ore 
135 NMD112 NMD021 440.3 – 443.8 138 Quarter Core Disseminated ore 
136 NMD113 NMD021 440.3 – 443.8 138 Quarter Core Disseminated ore 
137 NMD114 NMD021 440.3 – 443.8 138 Quarter Core Disseminated ore 
138 NMD115 NMD021 440.3 – 443.8 138 Quarter Core Disseminated ore 
139 NMD116 NMD021 440.3 – 443.8 138 Quarter Core Disseminated ore 
140 NMD117 NMD021 440.3 – 443.8 138 Quarter Core Disseminated ore 
141 NMD118 NMD021 443.8 – 447.2 139 Quarter Core Massive ore. Some quartz 
142 NMD119 NMD021 443.8 – 447.2 139 Quarter Core Disseminated ore 
143 NMD120 NMD021 443.8 – 447.2 139 Quarter Core Disseminated ore 
144 NMD121 NMD021 443.8 – 447.2 139 Quarter Core Disseminated ore 
145 NMD122 NMD021 443.8 – 447.2 139 Quarter Core Ore associated with quartz 




147 NMD124 NMD021 443.8 – 447.2 139 Quarter Core Ore associated with quartz 
148 NMD125 NMD021 447.2 – 450.4 140 Quarter Core Ore associated with quartz 
149 NMD126 NMD021 447.2 – 450.4 140 Quarter Core Ore associated with quartz 
150 NMD127 NMD021 447.2 – 450.4 140 Quarter Core Ore associated with quartz 
151 NMD128 NMD021 447.2 – 450.4 140 Quarter Core Ore associated with quartz 
152 NMD129 NMD021 447.2 – 450.4 140 Quarter Core Ore associated with quartz 
153 NMD130 NMD021 447.2 – 450.4 140 Quarter Core Ore associated with quartz 
154 NMD131 NMD021 447.2 – 450.4 140 Quarter Core Ore associated with quartz 
155 NMD132 NMD021 447.2 – 450.4 140 Quarter Core Ore associated with quartz 
156 NMD133 NMD021 450.4 – 453.7 141 Quarter Core Chalcopyrite, pyrrhotite and galena 
157 NMD133a NMD021 450.4 – 453.7 141 Quarter Core Chalcopyrite, pyrrhotite and galena 
158 NMD134 NMD021 450.4 – 453.7 141 Quarter Core Chalcopyrite, pyrrhotite and galena 
159 NMD134a NMD021 450.4 – 453.7 141 Quarter Core Chalcopyrite, pyrrhotite and galena 
160 NMD135 NMD021 450.4 – 453.7 141 Quarter Core Massive ore 
161 NMD136 NMD021 450.4 – 453.7 141 Quarter Core Chalcopyrite, pyrrhotite and galena 
162 NMD137 NMD021 450.4 – 453.7 141 Quarter Core Chalcopyrite, pyrrhotite and galena 
163 NMD138 NMD021 450.4 – 453.7 141 Quarter Core Chalcopyrite, pyrrhotite and galena 
164 NMD139 NMD021 453.7 – 457.4 142 Quarter Core Chalcopyrite, pyrrhotite 
165 NMD140 NMD021 453.7 – 457.4 142 Quarter Core Chalcopyrite, pyrrhotite 
166 NMD141 NMD021 453.7 – 457.4 142 Quarter Core Pyrrhotite 




168 NMD143 NMD021 453.7 – 457.4 142 Quarter Core No ore 
169 NMD144 NMD021 453.7 – 457.4 142 Quarter Core No ore 
170 NMD145 NMD021 453.7 – 457.4 142 Quarter Core Mostly pyrrhotite 
171 NMD146 NMD021 453.7 – 457.4 142 Quarter Core No ore 
172 NMD147 NMD021 453.7 – 457.4 142 Quarter Core No ore 
173 NMD148 NMD021 457.4 – 460.8 143 Quarter Core Massive ore with associated biotite 
174 NMD149 NMD021 457.4 – 460.8 143 Quarter Core 
Massive mix of galena, quartz, 
chalcopyrite, pyrrhotite 
175 NMD150 NMD021 457.4 – 460.8 143 Quarter Core 
Massive mix of galena, quartz, 
chalcopyrite, pyrrhotite, biotite 
176 NMD151 NMD021 457.4 – 460.8 143 Quarter Core 
Massive mix of galena, quartz, 
chalcopyrite, pyrrhotite, biotite 
177 NMD152 NMD021 457.4 – 460.8 143 Quarter Core 
Massive mix of galena, quartz, 
chalcopyrite, pyrrhotite, biotite 
178 NMD153 NMD021 457.4 – 460.8 143 Quarter Core 
Massive mix of galena, quartz, 
chalcopyrite, pyrrhotite, biotite 
179 NMD154 NMD021 457.4 – 460.8 143 Quarter Core Massive mix of ore 
180 NMD155 NMD021 457.4 – 460.8 143 Quarter Core Massive mix of ore 
181 NMD156 NMD021 457.4 – 460.8 143 Quarter Core Massive mix of ore 
182 NMD157 NMD021 457.4 – 460.8 143 Quarter Core No ore 
              
183 HRD023 HRD026 290 83 Quarter Core 
Intense sericite alteration, with 
chalcopyrite dissemination 
184 HRD024 HRD026 290 83 Quarter Core Intense sericite alteration 




186 HRD026 HRD026 290 83 Quarter Core Intense sericite alteration 
187 HRD027 HRD026 291 - 292 84 Quarter Core 
Intense sericite alteration, asbestoform 
appearance 
188 HRD028 HRD026 292 - 293 84 Quarter Core Intense sericite alteration 
189 HRD029 HRD026 293 - 294 84 Quarter Core 
Intense sericite alteration with sheen 
appearance 
190 HRD030 HRD026 294 - 295 84 Quarter Core Intense sericite alteration 
191 HRD031 HRD026 295 - 296 84 Quarter Core Intense sericite alteration, dark green  
              
192 NMD158 Surface .  
Nymagee 
Copper Mine Hand Sample Gossan with black surface 
193 NMD159 Surface  . 
Nymagee 
Copper Mine Hand Sample Gossan with black surface 
194 NMD160 Surface  . 
Nymagee 
Copper Mine Hand Sample Gossan with black surface 
195 NMD161 Surface  . 
Nymagee 
Copper Mine Hand Sample White material with phenocrysts 
196 NMD162 Surface  . 
Nymagee 
Copper Mine Hand Sample White material with phenocrysts 
197 NMD163 Surface  . 
Nymagee 
Copper Mine Hand Sample White material with phenocrysts  
198 NMD164 Surface  . 
Nymagee 
Copper Mine Hand Sample  Gossan with black surface 
199 NMD165 Surface  . 
Nymagee 
Copper Mine Hand Sample Slaty material 
200 NMD166 Surface  . 
Nymagee 
Copper Mine Hand Sample 
lustrous grey/ black dotted fibrous 
material 
201 NMD167 Surface  . 
Nymagee 
Copper Mine Hand Sample 






* NMD stands for the Nymagee Deposit and has 168 samples taken in total 


































Sample: 1. NMD150 
Host Rock: - Quartz. 
Mineralisation: - Mineralisation is dominated by massive chalcopyrite. There are a few 
red sphalerite blebs within the massive chalcopyrite as well as a long 
red sphalerite vein cutting across the chalcopyrite which implies later 
stage mineralisation.  
- Pyrrhotite veins also exist with some red sphalerite found within the 
pyrrhotite.  
- Some of the fractures found in the chalcopyrite also exists cutting 
through the pyrrhotite and sphalerite. Most of these fractures don‘t cut 
across the biotite and muscovite alteration minerals which indicate that 
they are later stage.  
- Cubanite is also found within the chalcopyrite indicating higher 
temperatures. 
- A Pyrrhotite vein turns into sphalerite vein cutting across chalcopyrite. 
There is sphalerite found within the pyrrhotite vein. 
 
Chalcopyrite (and cubanite) – pyrrhotite – sphalerite – biotite – muscovite 
– quartz veins. 
Alteration: - Biotite can be found and is brown in plain polarised light (PP) and has 
high birefringence colours in cross polarised light (XP).  
- The biotites are in a worm like structure, with a similar appearance to a 
pencil shaving, and radiate out from a main point. This indicates 
hydrothermal origin. 
- Overlying the biotites are muscovites that also have high birefringence. 
  
 
Sample: 2. NMD150 
Host Rock: - Quartz. 
Mineralisation: - Chalcopyrite dominates and is massive.  
- Small traces of Cubanite can be found in the chalcopyrite indicating 
higher temperatures.  
- Black sphalerite is found. In many cases there are blebs of sphalerite 
within the chalcopyrite. Sphalerite also contains some chalcopyrite 
within it, therefore must be later stage mineralisation. 
- Pyrrhotite is found to exist both in massive form and in veins cutting 
through the chalcopyrite. 
- For all mineralisation no chemical reactions appear to exist as the 
boundaries between minerals are smooth an intact.  
 
Chalcopyrite and Pyrrhotite (pyrrhotite possibly later) – black sphalerite – 
quartz – biotites – muscovites. 
Alteration: - Alteration is dominated by biotite, with many radiating from a single 
point (a fan appearance). This indicates a hydrothermal origin.  
- Muscovites are also found and with many cases overlies the biotites.  
- There is no foliation direction or alignment. 
- Small quartz pieces can be found incorporated within the alteration, 





Sample: 3. NMD150  
Host Rock: - Unknown. 
Mineralisation: - Massive quartz found on the side of the thin-section. This sample is a 
candidate for fluid inclusion studies.  
- Mineralisation is dominated by chalcopyrite, with the occasional 
Cubanite within which indicates higher temperatures.  
- This thin-section also has pyrrhotite and sphalerite. 
 
Massive quartz and chalcopyrite and pyrrhotite – sphalerite – biotite – 
chlorite – muscovite. 
Alteration: - Highly altered sample with biotite and muscovite dominating the 
alteration.  
- Large muscovite is found and overlies all the other alteration. 
- Some of the biotite is radiating and lenticular. 
- Chlorite is also observed and gives the indication that the biotites are 
breaking down to chlorite.  
  
 
Sample: 4. NMD149 
Host Rock: - Unknown. 
Mineralisation: - Mineralisation is dominated by chalcopyrite and pyrrhotite.  
- Some sphalerite is also found.  
- Some of the mineralisation is found as blebs within massive quartz. 
These blebs have travelled in through fractures indicating later stage 
mineralisation. However it is possible that they came in at the same 
time. 
Alteration: - Biotite and muscovite is found.  
- No chlorite is evident. 
  
 
Sample: 5. NMD149 
Host Rock: - Unknown. 
Mineralisation: - Mineralisation is dominated by chalcopyrite and pyrrhotite.  
- Some sphalerite is found.  
- Some of the mineralisation is found as blebs and found within massive 
quartz. These blebs have travelled in through fractures indicating later 
stage mineralisation. However it is possible that they came in at the 
same time.  
- The thin-section is thickly cut as the order of colour has changed. 
Massive quartz appears yellow. 
Alteration: - Biotite and muscovite is found.  










Sample: 6. HRD018 
( Sample taken by Dr Peter Downes for dating) 
Host Rock: - Turbidite. In some sections on the thin-sections it is really fine grained. 
Fluids have passed through this section as there is muscovite 
discolouration throughout.  
- In other areas there is coarse grained quartz that is highly brecciated. 
This contains galena throughout it. 
- Fluids have come in and precipitated sulfides and alteration minerals at 
the same time. 
Mineralisation: - Red sphalerite dominates.  
- Galena is highly pitted.  
- Chalcopyrite and pyrrhotite is also found. 
Alteration: - Within the mineralisation are muscovite and other micas. Some 
amphibole appearing minerals are also found. 
  
 
Sample: 7. NMD043 
Host Rock: - Turbidite. Fine grained mud/ shale section and a coarse grained shale 
with quartz grains section.  
- Some of the fine grains section is mixed in with the coarse grained 
section.  
- The thin-section is cut too thick as the colours appear to be in higher 
order colours. Quartz appears yellow and pink. 
Mineralisation: - Small sphalerite pieces found in both the fine and coarse grained host 
rock. 
Alteration: - Micas overly the quartz.  
- There is muscovite, biotite and wispy green chlorite present.  
- Chlorite surrounds the coarse quartz grains.  
- Small pieces of biotite are found mixed in with the grains. 
  
 
Sample: 8. NMD12 
Host Rock: - Unknown 
Mineralisation: - Dominated by sulfides and magnetite.  
- Massive chalcopyrite with high amounts of cubanite within indicates 
high temperatures.  
- Massive pyrrhotite is also found associated with chalcopyrite and has 
come in at the same time.  
- Sphalerite is also found in minor amounts. 
Alteration: - The sample has been highly altered by chlorite. This is seen with a 
deep green colour. The chlorite can be seen in a turtle shell appearance 
when associated with the magnetite. 









Sample: 9. HRD02 
Host Rock: - Host rocks are of turbidite origin. Fine grain sediments consisting of 
quartz grains and mudstone, possibly shale. Veins of coarser grained 
quartz sediment cut across the fine grains and are associated with 
mineralisation of sphalerite.  
- Where the bulk of mineralisation is present, the host rocks look highly 
disturbed and are stained with muscovite. This indicates that the 
mineralisation came in with fluids that were destructive. 
Mineralisation: - Mineralisation is dominated by massive sphalerite, with minor 
amounts of galena associated.  
- A small quartz vein cuts across the mineralisation. 
Alteration: - Alteration to the host rocks is associated with mineralisation and gives 
muscovite staining. However this is very minor. 
  
 
Sample: 10. HRD01 
Host Rock: - Host rock is turbidite.  
- Fine grain sediments consisting of quartz grains and mudstone, 
possibly shale.  
- Coarse grain sediments are also found and consist of quartz.  
- Where the bulk of mineralisation is present, the host rocks look highly 
disturbed and are stained with muscovite. This indicates that the 
mineralisation came in with fluids. 
Mineralisation: - Sphalerite dominates.  
- There are large amounts of galena present with the sphalerite and in 
many cases surround the sphalerite.  
- The galena is highly pitted.  
- The two are mixed in together. 
Alteration: - Small amount of muscovite in with mineralisation.  
- The fine grain host rock close to the mineralisation is stained with 
muscovite. This indicates association with fluids. 
  
 
Sample: 11. HRD03 
Host Rock: - Turbidite. A mix of coarse grained quartz pieces and finer grained 
quartz/ mud sections. The host rocks are broken up as mineralisation 
has come in at a later stage and mixed it up. 
Mineralisation: - Massive sphalerite is dominant. Two different colours of sphalerite 
found. The lightest being orange and the darkest being red. 
- Galena is throughout the sphalerite  and in many cases is highly pitted 
Alteration: - Biotite staining occurs close to the mineralisation within the fine 
grained quartz/ mud host rock section. This indicates that fluids that 
carried the mineralisation also bought in the alteration minerals. 
- Biotite pieces cover both the fine and coarse grained host rock 
sections. 






Sample: 12. NMD10 
Host Rock: - Turbidite. Coarse grains of quartz (grain size varies). 
Mineralisation: - Chalcopyrite dominates and is in vein form. Pyrrhotite and a small 
piece of galena can be found within the chalcopyrite. 
- Sphalerite can be found 
 
Chalcopyrite > pyrrhotite > sphalerite > galena 
Alteration: - Chlorite pieces are throughout the sample. Most of these chlorites are 
radiating out from a point. 
- Chlorites are associated with both the mineralisation and host rocks. 
- Chlorite veins can be found, that are mostly associated with 
mineralisation veins. 
- Muscovite pieces can be found, that also radiate from a point. 
- There is a slight green stain on the host rocks. This may have come 
from the fluids passing through to deposit the mineralisation. 
  
 
Sample: 13. HRD031 
Host Rock: - Turbidite. Finer grained stage dominates, with coarser grained quartz 
incorporated within.  
Mineralisation: - Small pyrite cubes can be found to overlie everything, including 
alteration. This pyrite can be found randomly scattered throughout the 
sample. 
- Tiny flecks of sphalerite are found and are associated with quartz. 
Alteration: - The whole sample is highly sericite altered.  
- A first section of the thin-section contains alteration with an 
asbestiform appearance that is lenticular and aligned. 
- A second section of the thin-section has a wispier sericite, with random 
alignment. This area is not as green stained as the first section. 
- There are many areas present where muscovite is aligned 90º to the 
trend of the other lenticular pieces. This may possibly be from another 
stage or event. 
  
 
Sample: 14A. NMD091 
Host Rock: - Unknown 
Mineralisation: - Chalcopyrite and pyrrhotite can be found together. 
Alteration: - The sample is highly altered. Alteration covers the mineralogy. 
- Green chlorite dominates the alteration and covers the whole thin-
section. 
- Biotite, this is possibly breaking down into the chlorite, is found 
throughout the sample and is associated with the chlorite. 
- Small pieces of muscovite can be found throughout the thin-section. 








Sample: 14B. NMD091 
Host Rock: - Unknown. 
Mineralisation: - Small amounts of chalcopyrite and pyrrhotite.  
- Sphalerite can sometimes be found within the chalcopyrite and 
pyrrhotite. However is only found in small amounts. 
Alteration: - Highly altered sample. 
- Alteration is dominated by biotite and chlorite, also with small pieces 
of muscovite. 
- Lots of amphiboles are also found. 
  
 
Sample: 15. NMD135 
Host Rock: - Turbidite. 
- Coarse grained quartz section seen.  
- Chlorite may be in with the fine grain sediments section 
Mineralisation: - Mineralisation is dominated by chalcopyrite with minor amounts of 
pyrrhotite.  
- Within the chalcopyrite cubanite is identified and indicates higher 
temperatures of formation.  
- Sphalerite also appears in the thin-section and is associated with the 
chalcopyrite and pyrrhotite. 
Alteration: - Chlorite alteration is found in a wispy form. It is green-white in plain 
polarised light and blue with cross polarised light.  
- Micas overlie the sample and especially overlie the sphalerite. 
- Muscovite is one of these micas and overlies the whole sample. In 
some places can be described as massive 
  
 
Sample: 16. HRD05 
Host Rock: - Turbidite. 
- Mix of both fine and coarse grained quartz in well sorted lenses.  
- The fine grains show foliation.  
- The coarser grains are fairly rounded. 
Mineralisation: - Galena, red sphalerite and coarse quartz.  
- Red sphalerite dominates the mineralisation with galena second.  
- It appears that the sphalerite came in first with galena either coming in 
at the same time, or at a later stage.  
- Galena is incorporated within the sphalerite and has no chemical 
reactions.  
- A pyrrhotite bleb is also found within the sphalerite.  
- The galena is heavily pitted. 
 
Shale with quartz – red sphalerite and galena - micas 
Alteration: - Later stage micas overly the mineralisation.  
- These are muscovites. Some of the fine grained host rock has 







Sample: 17. NMD044 
Host Rock: - Turbidite with a mix of both coarse and fine grained sequences. 
Mineralisation: - Quartz mineralisation in the form of grains indicates detrital origin. 
Some of the quartz grains are thicker as they appear yellow in colour 
through the microscope.  
- The coarse grained sequence is fairly sorted with grains that are sub 
rounded.  
- Towards the finer grained sequence there are more coarse quartz 
pieces. 
Alteration: - In the coarse grained sequence there is muscovite fragments scattered 
throughout. These are later stage. 
  
 
Sample: 18. NMD15 
Host Rock: - Unknown.  
Mineralisation: - Magnetite dominates the sample, with pyrrhotite being second 
dominant.  
- Chalcopyrite and sphalerite is also found in my minor amounts.  
- Chalcopyrite is associated with the pyrrhotite. 
Alteration: - The thin-section is highly altered.  
- By eye it appears that there is a bleb of chlorite entering the magnetite. 
-  The alteration seems to be associated with the mineralisation, other 
than the magnetite. Possible later stage? 
- A large bleb is found and consists of mostly chlorite and amphiboles. 
The amphiboles are lenticular in shape and aligned in different 
directions.  
- Muscovite and biotite also are found, but in minor amounts. 
 
- Speckled throughout the magnetite is chlorite which can indicate fluids 
travelling through at a later stage and precipitating chlorite in the small 
voids of the magnetite. 
- It must be noted that the thin-section was cut a bit thick, so the order of 

















Sample: 19. NMD115 
Host Rock: - Fine grained silt with small quartz grains incorporated.  
- These grains have uneven distribution and are not sorted.  
- In hand specimen it looks like fine shale with disseminated sulfides of 
chalcopyrite and pyrrhotite within. 
Mineralisation: - Disseminations of chalcopyrite and pyrrhotite dominate. Some later 
stage sphalerite and small amount of arsenopyrite are also found. 
Cubanite is found within the chalcopyrite which indicates higher 
temperatures of mineralisation.  
- Quartz grains that are coarser than the host rock are associated with the 
mineralisation of sulfides. 
- Chalcopyrite and pyrrhotite are found together in a lens or as 
individual disseminations. The two are more abundant together. 
- Disseminations of sulfides are connected by small veins which show a 
brown stain when viewed in cross polarised light. This indicates that 
the mineralisation has come into the shales in zones of weakness like 
fractures, with the stain being from the fluids. 
- Quartz has come in with mineralisation and is contained within and 
around the sulfide lenses. This would indicate association with fluids 
of hydrothermal origin. 
 
Shale with quartz – chalcopyrite and pyrrhotite – sphalerite – arsenopyrite 
and micas and quartz. 
Alteration: - Micas are found and have no distinct orientation and show no foliation.  
- Muscovites cross cut everything including the mineralisation. They are 
widely distributed around the thin-section. 
  
 
Sample: 20. NMD32 
Host Rock: - Fine grained mudstone/ fine quartz. Possibly fine section of a turbidite 
or shale. 
Mineralisation: - No large sulfides present. Minor arsenopyrite? 
Alteration: - Whole sample has had chlorite alteration throughout as the whole 
sample is tinged green.  
- This may have occurred from fluids travelling through the sample 
causing the chlorite alteration. 
- More massive chlorite is present and is coloured blue when in cross 
polarised light and is less green than the rest of the chlorite present.  
- The more massive chlorite is possibly associated with weaker areas in 












Sample: 21. HRD027 
Host Rock: - Turbidite. 
- Fine grained section of mudstone/ shale with coarse grains of quartz 
incorporated within.  
- There is also a section with very coarse quartz grains with fine grains 
incorporated.  
Mineralisation: - Mineralisation is late stage and overlies everything.  
- The sulfide mineralisation is pyrite, with many showing strong cubic 
form. The size of the pyrite pieces varies.  
- These pyrite pieces are scattered throughout the thin-section, but only 
cover the fine grained section. 
Alteration: - Alteration throughout the fine grains and overlying the coarse grains of 
the host rock is micas in a wispy appearance.  
- Possibly sericite.  
- Within the fine grains it appears the micas have come in with a fluid.  
- There is a massive muscovite vein cutting through the fine grains.  
- The micas become more noticeable in the coarse grained section and 
have an asbestoform appearance. 
  
 
Sample: 22. NMD11 
Host Rock: - Unknown 
Mineralisation: - Massive sulfide sample with a mix of pyrrhotite and chalcopyrite. 
- Mineralisation dominated by pyrrhotite with chalcopyrite.  
- Sphalerite can also be found in the sample.  
- A small amount of arsenopyrite can be seen and is associated with the 
micas. Arsenopyrite was identified by high reflectance. 
- Early mineralisation is of pyrrhotite and chalcopyrite, middle 
mineralisation of sphalerite, and late stage mineralisation is of 
arsenopyrite and micas. 
Alteration: - Micas are found.  
- Biotite dominates. 

















Sample: 23. NMD18 
Host Rock: - Unknown 
Mineralisation: - Sphalerite dominates the sample.  
- Chalcopyrite, galena and pyrrhotite are present.  
- Chalcopyrite can be found within the galena, with no chemical 
reactions present as there is a flat boundary between the two minerals.  
- Galena and pyrrhotite are found together and has a distinct boundary, 
also with no chemical reactions.  
- Chalcopyrite is also associated with galena.  
- Every sulfide found in the thin-section is associated with sphalerite. 
Alteration: - Micas overly the sphalerite.  
- Muscovite covers the whole sample and is lenticular in shape and 
randomly aligned. 
- These muscovites may have come in at a later stage.  
- Biotite is also present and is also randomly aligned. 
  
 
Sample: 24. NMD23 
( Sample taken by Dr Peter Downes for dating) 
Host Rock: - A sulfide-rich muscovite altered, very fine-grained rock — possibly a 
mudstone. 
Mineralisation: - Pyrrhotite–galena–sphalerite assemblage with minor chalcopyrite. 
Alteration: - Dominated by muscovite with some quartz. 
- Individual muscovite grains are generally less than 200 μm however a 
significant number of grains are in excess of 2 mm in length. 
- Sericite alteration present. 
  
 
Sample: 25. HRD021 
Host Rock: - Turbidite sample.  
- Fine grain sediments contain black lenticular lenses within. These 
black lenses are all aligned in the same orientation.  
- The coarse grain areas cut through the fine grains. Distinct boundaries 
between the coarse and fine grained sections exist.  
- Both the fine and coarse grains are phleochroic and it appears that the 
sample has formed from mixing or strong currents. 
Mineralisation: - The black lenses contain a small amount of sulfides within. This 
possibly is pyrrhotite. 
Alteration: - One of the black lenses has a small piece of muscovite overlying it.  
- Green appearing staining covers some of the sediments. This could be 


















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































XRF Trace Element Data 
 
XRF data tables showing the trace element amounts in ppm: 
Element S Cl V Cr Co Ni Cu Zn Ga Ge As Se Br Rb Sr Y Zr 
Dimension ppm ppm ppm ppm ppm ppm ppm ppm ppm ppm ppm ppm ppm ppm ppm ppm ppm 
HONS644 12600 163 5 < 1.0 < 3.0 8 254 24010 < 0.5 16 < 0.5 14 3 < 0.5 < 0.5 < 0.5 20 
  
                 HONS645 46500 138 6 < 1.4 < 3.0 < 0.5 2087 86280 < 0.5 < 0.5 < 0.5 28 9 < 0.5 < 0.5 < 0.5 20 
  
                 HONS646 130.4 43 86 88 20 53 4 345 27 4 2 0 < 0.5 1 5 30 172 
  
                 HONS647 13840 166 36 129 14 33 14 92 22 1 8 1 < 0.1 243 528 42 336 
  
                 HONS648 49160 331 39 28 < 3.0 < 0.5 782 178 < 0.5 < 0.5 < 0.5 < 0.5 < 0.5 27 < 0.5 4 40 
  
                 HONS649 154400 658 54 19 < 43 < 5.9 822 71 9 < 0.5 17 < 0.5 < 0.5 155 < 0.5 8 42 
  
                 HONS650 627 < 2.0 34 44 < 3.0 22 4 215 23 6 2 1 1 980 14 32 543 
  
                 HONS651 50880 159 < 1.0 106 242 < 0.5 23030 1208 < 0.5 < 0.5 < 0.5 < 0.5 0 7 7 3 8 
  
                 HONS652 155500 658 39 18 < 67 < 0.5 16130 607 < 0.5 < 0.5 < 0.5 < 0.5 < 0.5 8 < 0.5 < 0.5 12 
  
                 HONS653 193000 782 21 23 172 7 13500 630 < 0.5 < 0.5 < 0.5 10 < 0.5 15 < 0.5 7 32 
  




Element Nb Mo Sn Sb Cs Ba La Ce Hf Ta W Hg Pb Bi Th U 
Dimension ppm ppm ppm ppm ppm ppm ppm ppm ppm ppm ppm ppm ppm ppm ppm ppm 
HONS644 < 1.0 < 1.0 < 3.0 28 < 4.0 < 2.0 < 2.0 21 < 1.0 < 1.0 < 1.0 < 1.0 15380 100 < 1.0 11.2 
  
                HONS645 < 1.0 < 1.0 < 3.0 51 < 4.0 10 < 2.0 < 2.0 14 < 1.0 < 1.0 < 1.0 47130 264 < 1.0 25.9 
  
                HONS646 18 < 1.0 5 < 3.0 < 4.0 < 2.0 53 107 3 < 1.0 < 1.0 < 1.0 52 < 1.0 17.6 2.2 
  
                HONS647 19 < 1.0 2 9 < 4.0 360 43 118 10 < 1.7 18 < 0.5 53 2 22.2 6.2 
  
                HONS648 1 < 19 21 < 3.0 < 4.0 < 2.0 < 2.0 < 2.0 < 1.0 < 1.0 32 < 1.0 339 52 < 1.0 < 1.0 
  
                HONS649 4 < 1.1 < 3.0 < 3.0 54 < 2.0 < 2.0 < 2.0 < 1.0 < 1.0 4 < 1.0 55 2 < 1.0 < 1.0 
  
                HONS650 16 < 1.0 6 < 3.0 119 160 45 117 10 < 1.0 < 1.0 < 1.0 2 1 23.9 < 3.4 
  
                HONS651 1 < 2.8 48 < 3.0 < 4.0 < 2.0 3 24 33 < 1.0 78 < 1.0 27 < 1.0 < 1.0 < 1.0 
  
                HONS652 < 1.0 < 9.0 56 < 3.0 < 4.0 4 < 2.0 < 2.0 < 1.0 < 1.0 331 < 1.0 1084 42 < 1.0 < 1.0 
  
                HONS653 3 < 3.6 < 3.0 < 3.0 < 4.0 < 2.0 < 2.0 < 2.0 58 < 1.0 50 < 1.0 < 1.0 36 < 0.6 < 1.0 
  
                HONS654 9 < 0.8 5 < 3.0 < 4.0 186 < 2.0 86 7 < 1.0 < 1.0 < 1.0 3 1 12.2 1 
  
               
 
